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ABSTRACT <• - 

This guide offers information and procedures 
necessary to, train electromechanical engineering technicians. 
Discussed first are the rationale and objectives of the curriculum. 
The Occupational field of electromechanical engineering technology is 
described. Next, a curriculum model is set forth that contains 
information on the standard electromechanical engineering technology 
curriculum, elect ives, and related courses. Each course, description 
contains some or all of the following: a discussion of the content of 

he course , a list of course prerequisites, credit hours to be . 
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student competencies addressed in the course, and a list of 
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In the past two years, Georgia has taken the lead in 
human resource development of engineering technicians for 
the state's industry. This lead ensures that the industries 
locating in Georgia, < or existing industries planning expansion 
or vp xjling will have a readily available supply of highly, 
skilled, educated, and technically adaptable technicians. 
Over two million Georgians have been trained in the past 
twenty years in the state's network of thirty technical 
schools, junior and conmmity colleges. 



A quantum step was taken in 1982 when the General t 
Assenbly ap p ro priated over $13 million to upgrade the technical school 
programs to "state-of-the-art" in the electronics, electromechanical and 
mechanical technologies. In that allocation were directives to develop 
two year engineering technology programs in the same three fields. These 
two year progr a ms for a degree of Associate of Applied Technology were 
begun in Septenber, 1982; The new curriculum, highly qualified technical 
eStaff , the latest in instructional' equiptaenf and a highly motivated 
student body are now in place. Our first graduating classes enter the m 
1 \forld of Work" in June 1984. The rhetoric of what should be done is 
behind us; high technology training for engineering technicians is a fapt 
in Georgia. 



New and expanding^ndus tries will find a new atmosphere of cooperation . 
where the human resources required to ensure a skilled technician, workforce 
is available. Productive and credent ialed employees are available with a 
positive attitude toward change, adaptability, flexibility and. upward 
mobility. / 
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The People of Georgia 
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\ Each of the three high technology programs is based upon a "solid 
foundation of mathematics, physics and an understanding of the fundamentals 
basic to* the technologies. An understanding of systems, close ties to local 
business and industry, computer literacy, and characteristics of the -higfa* 

.technology programs. „ ^ v ( 

The Georgia "Higi Technology Advisory Council" was appointed by the 
^Governor as a blue ribbon committee to advise the executive- branch of 
government., the General Assenbly, the Board of Education* the Board of 
Regents- and the new Board on Post' Secondary Vocational Education 
regarding high technology and engineering tfiannbhogy education issues, , 
The council is cooposed of 12 high technology industry Representatives * 
in the state and is coordinated by the Hi^i Technology Coordinator. 8 

Georgia's conndtment to industry, "hi-tech" and quality ^training is 
now in place. Contained herein are the coordinated pieces that make up 
a comprehensive and viable program inithe engineering technologies. It is 
in the basics '- this is and will be the difference in Georgia's human 
resource development product the engineering technician. 
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Education for The Technician: An Introduction 
RATIONALE t ' 

Relevant education and training to prepare engineering 
technicians Is a critical concern for, the productivity needs 
of this nation. As new and changing technologies / and - 
processes for manufacturing, construction, communication, 
energy, and research and developments occur with great 
rapid lt,y» the need for engineering assistants who can perform 
the "nuts-and-bolts" problem-solving tasks associated with 
current technology has Increased significantly. Modern 
Industlal and engineering devices Uhat* are multisystem In / 
nature require the sort of developmental, maintenance, I 
support, and operational personnel who can change, adjust, and; 
adapt to new situation and utilize Increasingly sophisticated; 
hardware w I th a m I n I mu£^ of retra yi\ ng . In a 1 1 , th I s trend 
toward innovation as the status-cjuo has heightened the need 
for a trained technician who combines theoretical v.and 
conceptual knowledge with" the manipulative, "hands-on" skill 
of an artisan or craftsman. It Is toward this end that modern 
technical education must be focused. The remainder of this 

4 

document offers Information and procedures necessary to train 
engineering technicians) who can make a contribution In the 
emerging technologies. 

PURPOSE AND OBJECTIVES 

J 

PURPOSE 

The purpose of the Engineering Technology Program In 
Georgia Is to produce special 1 sts v who possess the broad base 
of knowledge, skill, and attitude necessary to be productive 

i 

In modern technical occupations that are characterized by 
rapid change and highly sophisticated content. 
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OBJECTIVES 

1. To provide basic knowledge* skill, %nd attitude' 
development pased on a systematic analysis of the 

^occupat 1 ona 1 domain to be served..^ 

2. To produce a technician who Is able to deal with the 
complex systems Interactions that characterize modern 
technological environments. 

3. To provide program options that allow In-depth study In 
specialized areas of the occupational domain beyond the 
basic ski 1 1 level . 

4. To provide for awarding of credit leading to an associate 
degree credential, as well as options toward other degree . 
credentials. . ^ 

5. To provide Instruction that maximizes the application of 
knowledge, skills, and attitudes to real work situations. 

6. To provide Instruction that" prepares the student for the 
complex probl em-sol vl ng nature of highly technical 
occupations. 

7. To fully coordinate the hlgf technology program with needs 
of business and tndust* . through a process of 
schoo 1 -commun 1 ty-bus 1 ness 1 n-Lw -cooperat 1 on . 

8. To provide a system of Instruction that Is fully 
responsive to, and perceptive of, the Intrinsic nature of 
change and Innovation In highly technical occupations and 
dlsclpl Ines. 

TECHNICIANS DEFINED 

\ 

In general the work role of the engineering technician 
falls between that of the vocational -Industrial tradesman and 
that of the professional engineer. This Is a broad range and 
Is 111-deflned In practice, having gray areas of work 
requirements at either end of the continuum and at many points 
In between. Perhaps the best way to define a technician Is by 
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a summery of tasks performed and the accompanying skills 
required. This must . of necessity be done In a broad and 
generalized fashion With provisions for more specif 1 city ' left 
to fndfvfdfal Job descriptions. (The basts for this 
description may be found In a U.S. Office of Education 
research report entitled Occupational Criteria and Preparatory 
Curriculum Patterns In Technical Educ ation Programs .) 

It Is generally agreed that the engineering technician 
must have the following kinds of special skills and 
and abl 1 Itlesi 

1. Proficiency In the use of the disciplined and objective 
sclent/flc method In practical application of the basic 
principles, concepts 9 and' laws of physics as* they 
comprise the scientific base for the Individuals field 
of technology. 

2. Facility with mathematics* ability to use tlgebra and 
trlgnometry as problem-solving tools In the development 
and definition of » or to quantify* scientific phenomena 
or principles? and* when needed*- an understanding of - 
though not necessarily facility In - higher mathematics 
through analytical geometry and some calculus according 
to requirements of technology. * 

3. A thorough understanding and facility In the use of 
material St processes * apparatus * procedures* equipment* 
methods* and techniques commonly used In the technology. 

> 

4. An extensive knowledge of a field of specialization with 
an* understanding of applications of the underlying 
physical sciences as they relate to the engineering or 
Industrial processes* or research activities that 
distinguish the technology of the field. The degree of 
competency and depth of understanding should be 
sufficient to enable technicians to establish effective 
rapport with scientists*/ managers* and engineers with 
whom they work and to enable them t6 perform a variety of 
detailed scientific or technical work as outlined by 
general procedures or Instructions* but requiring 

• Individual Initiative* and resourcefulness In the use of 
techniques* .handbook Information* and recorded scelntlflc 
data. 
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5. Communication skills that Include the ability to record, 
analyze. Interpret, and transmit facts and Ideas with 
complete objectivity orally, graphically, and In writing. 

Activities Performed H 



Technicians are expected to perform work tasks and/or 
support to engineers related to any of a combination of 
the fol lowing kinds of activities! 



1. Applies knowledge of science and mathematics expensively 
■In rendering direct technical assistance to physical 
scientists' or engineers engaged In scientific research .and 
experimentation. ' 

2. Designs, develops, or plans modifications of new products, 
procedures, techniques, processes, or applications under 
supervision, of scientific or engineering personnel In 
applied research, design, and development. « 

3. Plans, supervises, or assists In installation and 
Inspection of complex scientific apparatus, equipment, 
and control systems. 

» 

4. Advises regarding operation, maintenance, and repair of 
complex apparatus and equipment with extensive control 
systems • 

5. Plans production or operations .as a member of the 
management unit responsible for efficient use of manpower, 
materials, money, and equipment or ' apparatus In mass 
production or routine technical service. 

6. Advises, plans, and estimates costs as a field 
representative of a manufacturer or distributor of 
technical appartus, equipment, services, and/or products. 

7. Assumes responsibility for performance of tests of 
mechanical, . hydraulic, pneumatic, electrical, or 
electronic components - ' or systems In the physical silences 
and/or for determinations, tests and/or analyses of 
substances tn the' physical and other engineering-related 
sciences; and/or for determinations, tests and/or analyses 
of substances In the physical and other 
engineering-related sciences; and prepares appropriate 
technical reports covering the tests. 
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6. Prepares or Interprets engineering drawings and sketches, 
or writes detailed scientific specifications or procedures 
for work related to physical sciences. 

9. Selects*, compiles, and uses technical Information from 
references such as engineering standards, procedural 
outlines, and technical digests of research findings. 

% 

% * 

10. Analyzes and Interprets Information obtained from 
precision measuring and recording Instruments and/or 
spec la procedures and techniques and makes evaluations 
upon which technical decisions are based. 

U. Analyzes and diagnoses .technical problems that Involve 
Independent decisions and and Judgement that require. In 
addition to technical know-how, substantive experience In 
the occupational fields. 

12. Deals with a variety of technical problems Involving many 
factors and variables that require an understanding of 
applied scientific and technical understanding - the 
antithesis of narrow specialization.' 

t 

It Is recognized that no two-year technical training 
program will be sufficient* to prepare engineering technicians 
'for all the problems they will encounter In the workplace. 
The training should however be sufficient tot 



1. Provide occupational skills that are compatible with 
at least entry- level employment In the chosen field. 

2. Provide a broad /base of knowledge In science, 
mathematics, and technical subjects that will allow 
the technician to progress to higher levels of Job 
competence In an environment characterized by rapid 
change and Innovation. 



/ 
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A DESCRIPTION OF ELECTROMECHANICAL ENpINEERING TECHNOLOGY 




AND THE RELATED OCCUPATIONAL FIELD 

V t 



ELECTROMECHANICAL ENGINEERING TECHNOLOGY 

* 

What Is meant by "Electromechanical Engineering 
Technology?" Electromechanical In general has to do with 
systems that Involve mechanical and electrical energy. 
Often v as In motors and generators, there .Is a 
transformation between one form of energy and tl^e other. 
Generators turn mechanical energy Into electrical energy 
and motors accomplish the reverse. The above case Is of> 
course extremely ' simple. The motors and generators 
often have sophisticated electronic circuits that are. 
used for ^control functions such as motor speed or 
generator frequency. Many' electromechanical systems 
also Include fluids for the jgwpose of mechanical energy 
transmission, Those, that use liquids such as oil are 
called hydraulic while those that use some kind of gas 
such as air are called pneumatic. 

Many EMT systems use microcomputers to Implement 
sophisticated^ controls and functions. Examples are 
photocopiers, such as a Xero'x machine, and Industrial 
robots. In fact, the Industrial robot Is perhaps the 
best example 1 of a complex electromechanical system. 
Many robots Include motors, mechanical linkages, 
hydraulic and/or pneumatic power transfer components and 
one or more microprocessors. In addition, these robots 
normally have various electronic devices such as 
amplifiers and feedback servos, which are devices that 
make the robot do as It Is told. 

Most factories contain numerous electromechanical 
systems. Some examples are automatic assembly lines, . 
motors, copying machines, air condl toning and 
ventilating systems and many more. 
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The above paragraphs describe the .kinds of systems 
found' In EMT. So, .what. Is^ EMT? The key word Is 
technology. Technology means a field of knowledge based 
In an area where there Is a relatively Intense 
concentration o^ technical ski lis, and knowledge. 
Technology helps to f Integrate scientific 'knowledge 
within "an area* reinforcing Innovative activity and 
mobilizing technical resources. Procedures are. Involved 
which couple a high level of research and development (R 
and, D) effort while actively Incorporating new concepts 
and«\ ideas that flow from the R and D. Technology 
Incorporates an advanced level of automation In 
".manufacturing and production control. The field of EMT 
Is very broad and rbv encompasses a wide varlety-of many 
kinds of technical knowledge and skill. Much of the 
knowledge normally associated with Electronic 
Engineering Technology 4j required In EMT. ^ 

Modern automated Industrial processes 1n)jar1ab1 
Involve a large amount of Instrumentation. Instruments 
are required to control and monitor the various stages 

4 

of complex processes. Instrumentation Is one of the 
areas of elective courses In the EMT program. The others 
are robotics, electrical ^technology*, and Industrial 
control s. 

Robotics deals w.lth the Installation, maintenance, 
repair, and programming of robotic 'systems, while 
electrical technology Involves power generation and 
transmission. Industrial control specializes In the 
kinds of automated equipment found In many factories 
used to control Industrial processes. Included would be 
microprocessors and programmable controllers. 

COMMON EQUIPMENT AND PROCESSES 

The graduate of th'e EMT program'wfll be required to 




operate a wide 'variety of test equipment. These are 
discussed briefly below:, y 

* \ 

1. Multimeter *- The multimeter* often mjsnamad a 
voltmeter. Is used to measure t'her electrical 
parameters of voltage ( AC and DC), current (AC and 

' DC), and resistance.' The older models are analog In 
that. Jhe value of the paramter Is Indicated by a 
pointer moving over a scale. The. newer models are 
digital, jtfhlbh are more accurate,' and the value a 1s 
Indicated* directly In digital form* In a window on 
the meter, j . » 1 .< 

2. Cathode - Ray Oscilloscope (CRO) - ..This Is x an 
electronic device that has a cathode-ray tube 
display (similar to a TV face) to 'display arid 
measure electrical waveforms. The ones that wl 1 1 be": 
used In this program will* have the capacity* to\ 
measure two or, more wavefforms simultaneously. Very 
fast waveforms or transients (events that happen 

, only once) can be displayed on the 'CRO. The faster 
ones have bandwldths of 100 megahertz (hertz Is 
>fcycles per second) or more. Such an Instrument can 
Ml splay something that lasts 1/ 100,000,000th of aT 
second. Some CRO's have, cllgltal voltmeters buUt 
Into them and some' have the capability of handling 
ma/iy tJifferent plug- In modules for specialized 
Applications./ The multimeter and CRO are two 
mainstay Instruments used toy the graduate 6f EMT. 

3. Function Generator - The function generator Is a 
device used to apply certain special electrical 
waveforms 1,n a test setup. Among the cof..mon 
waveforms are sine wave, square wave, and triangle 
w y e. The device can put out waveforms at varying 
frequencies from one per second or less to many * 
millions per second. In addition, many function 
generators put out a pulse waveform where the 
on-time (width of pulse) can be varied. 

4. Power Supplies - Many different types of power 
supplies will be used, both \ AC and DC. These 
supplies may have closely regulated voltage outputs 
and have variable current cutoff levels. 

5. Logic Analyzer - This Is a device- specially designed 
to test digital and microprocessor systems. It can 
Capture and display the very-high-frequency even!* 
in sophisticated digital systems to allow effective 
troubleshooting. 

6. Miscellaneous - Other Instruments Include various 
gages for measuring fluid pressure, digital logic 
probes, tachometers, and other similar small 
Instruments. 
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Some common processes are discussed be^ow: » 

I. El ecfcf.ical /Electronic - Hany ' of M:he processes 
involved, in EMT are electrical # or\e I ectronic in 
nature. "V Examples are signal amp 1 If 1 catfron, 
filtering^ transformation of alternating current. 
* (AC) ^pdwer to direct current ^ipC) power;, 
.computer-controlled functions, power dl str Ibut io/is 
.and sltnllar processes. / 

2*. Mechanical - Mechanical processes IncYiJde 
utilisation, of various drive and linkage devices, 
fluldlcs, packaging, and other similar friechan1ca\l 
processes . - 

/ - 

TYPICAL 'JOB TITLES I 

Some of the njore common Job titles that , apply to 
the field of EMT are discussed In the following 
paragraphs. You will notice that most' have technician 
somewhere In them. We must differentiate between 
technician, and engineering technician ; the latter being 
considered at a higher level of knowledge. The 
engineering technician Is considered to haVe certain 
design capabilities generally lacking In a "technician". 
EMT and similar "high technology" graduates are, at the 
engineering technician level. A /though. the 1 r Job titles 
may not reflect this difference, their salaries In al 1 
1 Ikel Ihood will.- * 



1. Maintenance Technician - This title jcould apply to 
any of the career options tn the program. The 
equipment being maintained could be factory 
automated control equipment, robot work stations, 
power transmission and distribution equipment, or 
various Instruments used at the Job site. The 
duties might Include some equipment design and 
specification along with the Installation. 

"Preventive maintenance and repair are also prooable 
Job duties. Often the maintenance technician works 

.under and closely with an engineer In charge of the 
technical operations at a given area or the entire 
factory or Job site. 

2. Sales and Applications - Often this title will have 
the term engineer Included, such as sales engineer, 
sales and applications engineer, or merely 
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applications engineer^ As the name implies, sales 
Is, a ma^tr part o£ this particular Job. The 
products will be technical* In nature and therefore 
the term technical sales might be more appropriate. 
The person in one of these Jobs will most likely do 
some 'design work* at least to the extent . of 
configuring a systetn to satisfy customer 
requirements from a' large set of candidate 
components. He or she ,may very, will assist the 
customer In arriving at product requirements and may 
help to Install, and maintain the cus'tomei — purchased 
equipment. The maintenance function would probably 
not be a part of the Job. * 

Field Service Technician - Sometimes this title has 
engineer substituted for technician or contains 
both, such as field service engineering technician. 
The person holding this Job title Kill travel to the 
customer's location to Install, maintain, or repair 
equlpmerit on site. He or she" wl 1 1 probably work for 
a large company, but not always. 

The field Service technician will probably 
travel more than most othen technicians and will be 
on his or her own more often. Since he or she wl 1 1 
work closely with customers and be the company's 
representative. It Is Important that " the field 
service technician get along well with people. The 
field service technician can be a specialist In any 
of the EMT apneas, such as electrical technology, 
robotics technology. Instrumentation technology, or 
Industrie} control technology. 

Generic Technician - Any of the four above 
categories can have a Job title 'with technician as 
part of the title, such as Instrumentation* 
technician, robotics technician. Industrial controls 
technician, or electrical technician. In'addltlon 
( any of the above titles could Incldue engineering In 
It, such as Instrumentation engineering technician. 
The duties of such a technician would still probably 
Involve one or more of the following: maintenance, 
ref>a\r f Installation, and operation of the equipment 
appropriate to the field. There could also be some 
design work and even some work more characteristic 
of a field service technician. 

Miscellaneous Title* - Other, less frequently 
occur Ing titles Include bench technician, 
calibration technician (more often .called 
Instrumental ton technician) and similar titles. 
Often companies have their own unique Job titles for 
a technician that are far too numerous to list. The 
main thing is that the duties for any of the above 
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r have certain similarities such as design, 
maintenance. Installation and repair. 

• ' \ 
Either of the types of Job description as found in 

the Dictionary 4 of Occupational Titles (DOT), could be 

applied to the graduates of the EMT program described 

herein. 

The term Electromechanical Engineering is not now 
widely recognized. Indeed EMT is an emerging discipline 
that is .only at present beginnlng^to attain an identity „ 
separate from the traditional e 1 ectr i ca 1 /mechan i ca 1 
distinctions. 



3^S1 



003.1*1-010 ELECTRICAL TECHNICIAN (PROFESSIONAL AND 
KINDRED) ELECTR I CAL-L'ABORATORY TECHNICIAN 



> 



App lies el ectr 1 ca 1 theory and re 1 ated Know 1 edge to 
test and "modify developmental or operational electrical 
machinery and electrical control equipment and circuitry 
in industrial or commercial plants' and laboratories: 
Assembles and test exper im.Tfcal motor-control devices, 
switch panels, transformers, generator winding*, 
solenoids, and electrical equipment and components 
according to engineering data and knowledge of 
electrical principles. Modifies electrical prototypes 
to correct " functional deviations under direction of 
ELECTRICAL ENGINEER (professional and kindred). 
Diagnoses cause of electrical or mechanical malfunction 
or failure # of operational equipment , and performs 
preventive and corrective maintenance. Develops wiring 
diagrams, layout drawings, and engineering 
specifications for systtegf- or equipment modi f leal tons or 
expansion,, and directly personnel performing routine 
installation and ' maintenance duties. Plans, directs, 
and records periodic electrical testing, and recommends 
or initiates modification or replacement of equipment 
which fa lies to meet acceptable operating standards. 

710.281-018 ELECTROMECHANICAL TECHNICIAN (INSTRUMENTS 
AND APPLIANCES) 

Fabricates, tests, analyzes, and adjusts precision 
electromechanical Instruments, such ar temperature 
probes, following blueprints and s'ketches, /using 
handtools, metal working machines, and measuring and 
testing Instruments: Operates metal working machines, 
such as beach lathe, milling machine, punch press, and 
drill press, to fabricate housings, fittings. Jigs and 
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fixtures, and verifies dimensions, using fixtures, 
binocular microscope, soldering tools, tweezers, and 
handtools. Installs electrical assemblies and hardware 
In housing, using handtools and solder equipment. Tests 
/ assembles Instruments for 'circuit continuity and 
operational rel labl llty, using multimeter, oscilloscope, 
oscillator, vacuum tube voltmeter, and bridge. Analyzes 
test results and writes report on fabrication techniques 
used. May 'calibrate Instrument dials according to 
established' standards. Nay specialize. In assembly of 
prototype Instruments and be designated as DEVELOPMENT 
/TECHNICIAN (Instruments and appl Icances) , or In assembly 
of production Instruments and be designated as' 
FABRICATlbN TECHNICIAN (Instruments and appliances). 

♦ 

CAREER OPPORTCklTIES ( 

Career opportunities for EMT gracjuates are numerous 
and well -paying. According to the Department of Labor, 
py ( 199b more than 4 half of all factory Jobs will be 
associated . with robots and other automat eel factory 
equipment. A recent 4 study by Georgia .Tech for Job 
openings In high-technology Industry predicted 
conservatively that Jobs In robotics /automat Ion would 
grow from 643 Jobs per year In the 1980-1985 years to 
848 Jobs/year In the 1985-.! 990 years. These Jobs 
represent a mixture of engineering and technician type 
Jobs, with the latter predominating.* 

There will be a comparable Increase/ In all other 
areas as predicted by various business magazines and 
government publications. The drive for Increased 
productivity to be more competitive Internationally 
requires Increased automation on the part of Industry. 
Within the next 10 years General Motors predicts that 
they will Install several thousand robots In their 
factories nationwide. 

With the entrance of IBM and Texas Instruments Into 
the robot market, predictions are that by 1990, robot 
sales will be form $990^ ml 1 1 1on to $2 billion. A 
Georgia Tech study predicts sales of $385 million by. 
1985 and $1.4 billion nationwide by 1990. Georgia Is 
expected to pick up about 1% of the above sales. 

13 
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The avail ability of powerful Inexpensive 
microcomputers greatly Improved the economics of 
Increased automation. With the decrease In the cost of 

* 

computers have come comparable decreases In the cost of. 
peripheral equipment required to effectively use them. 
Included are cheaper memory storage, printers* apd video 
stations. Some devices closely related to the computer* 
such as programmable controllers* have also come down In 
price during an Inflationary period. 

All of the above factors enhance the Employment 
opportunities of highly trained people sucti as those who 
graduate frm the EMT program. * . 

Numerous career' paths are available to tMT 

graduates. The upwared mobility of techhlcalns, such as 

those In EMT, has been well* demonstrated In the past. 

It Is not at al 1 uncommon for these technlcalns to be In 

supervisory positions three or four . years after 

graduation. Included are such positions as foreman* 

v r 

shift supervisor, and lab supervisor. Some move into 
sales with a sizable Increase In salary. 

. The technician does need to continue his or her 
education to remain current. He or she should continue 
to learn through formal or Informal means, since 
technology moves fast, and the stagnant technician 
quickly becomes obsolete. 
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TABLE 1. PROJECTED JOB OPENINGS IN GEORGIA FOR 

HIGH-TECHNOLOGY INDUSTRY 

• 9 I 

YEAR? RANK TECHNOLOGY "Most 11 ke 1 y"Average Annual 

A Job Openings 





______ 




1 


/ 

Computer/Computer Services 


4,872 


2 


Communications 


1,884 


3' 


Avionics 


800 


4 


Robotics/Automation 


643 


5 


• 

Fiber/Laser Optics 


170 


6 


Biology 


80 


7 


Solar Enet jy 


9 


1 


Computer/Computer Services 


5,472 


2 


Communications 


3,475 


3 


Avionics 


1,074 


4 


Robot 1 cs/ Automat f on 


848 


5 


Fiber/Laser Optics 


315 


6 


Biology _ 


160 


7 


So Tar Energy * 


20 


1 


Communications 


7,220 
6,222 


2 


Computer /Computer Services 


3 


Avionics 


1,713 


4 


Rqbot 1 cs/Automat 1 on 


1,244 


5 


Fiber/Laser Optics 


800 


6 


B 1 o 1 ogy 


450 


7 


Solar Energy 


93 
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COURSES FUNDAMENTAL TO EMT 



This section deals with those courses that are 



fundamental to all programs EMT. The following 



paragraphs will discuss the courses and attempt to 
relate their Importance to EMT. 



practical — examples which help the student visualize 
the appllcalton to his or her field. For example* a 
technician needs to be able to solve the problem of 
what owuld happen to an object with forces applied 
to It at two different angles. In trigonometry you 
will learn that this can be solved by simple 
calculations using right-angle triangles. The 
requirements are three five-hour courses In algebra* 
trigonometry, and calculus with analytical geometry. 
Practically any technical field is heavily dependent 
on mathematics. EMT Is no exception and In fact, 
good mathematical ability Is probably the best 
Indication of an ability to succeed In EMT. The 
technical courses In EMT all to a greater or lesser 
extent require the student to master the above 
mathematics, to master their theories and be able to 
apply them successfully. 

2. Physics - Here again three five-hour courses are 
required,. Physics In* general Is a mathematical but 
generally simple way of describing our real world. 
The student of EMT will be Introduced to the broad 
theories of physical reality and the .trl.atlonshlps 
that are In many cases analogous to the other 
technologies. The math and physics are part of the 
broad technical base that graduates of EMT should 
have. This broad supporting base tends to be much 
more Immutable than some of the special zed courses 
peculiar to a particular field. ^ 

3. The Humanities or Related Courses - The required 
humanity courses . are English and Compos 1 ton, 
Technical Communications, Economics, and Industrial 
Relations. These courses will provide the EMT 
graduate with the required skills to communicate 
effectively within modern ' business or Industrial 
settings. The EMT graduate needs not only to be 
able to communicate In written form, but he or she 
also needs to understand the nature of a business 
organization and have the skills to effectively 
Interact with other people. 

4. DC Clrcults/AC Clrcutts/CI rcutt Analysis - These 
basic courses are fundamental to the understanding 




26 



of EMT systems which havu so much that Is electrical 
In their character. The theory in these courses 
provide more of the relatively unchanging basic 
foundation needed by the EMT graduate. . 

5. Engineering Graphics - This Is required so that the 
EHT graduate can satisfy the Illustrative 
requirements of technical design. It represents one 
of the communication tasks of the technician. 

6. Computer Fundamentals - This course will enable the 
EMT student to use a" powerful technique for the 
solution of technical problems. It Is taken early 
(first quarter) and will be useful during the entire 
program. The EMT student will learn to program a 
modern microcomputer and this skill will be used and 
gr >w more powerful with each course as It Is used. 

7. Devices Courses - There are three required devices 
courses i • (1) Electronic Devices, (2) Mechanical 
Devices and Systems, and (3) Electromechanical 
Devices. Thuse three courses pretty much cover the 
kinds of devices or components that comprise an EMT 
system. The first course would deal with such 
dev 1 ces as trans 1 stors , sill con-control 1 ed 
rectlf ters(SCR's) , diodes and similar electronic 
devices. The second deals with gear systems, 
pulleys, belts, cogs, and similar mechanical 
devices. The alst deals with devices such as 
motors, generators, relays, and solenoids., 

8. Electrical Power Distribution - This course deals 
with the generation! of power and the methods of 
distributing It. Stepup and stepdown ofhlgh 
voltages and the high voltage transmission lines are 
Included In the theory this course. The knowledge 
and skills that the EMT learns In this course might 
best be put* to use In a public power company such as 

. Georgia Power Company. 

9. Instrumental ton and Controls - Almost any EMT system 
of any sle will have Instrumental ton and control 
requlremnts. The ability to adjust and read 
Instruments and then to reach the correct 
conclusions as to the condition of an EMT system Is 
a required skill of the EMT graduate. He or she, 
after determining the sytem's condition, must then 
manipulate the proper controls If needed to bring 
the system to the correct condition. m 

INNOVATIONS AND TRENDS '* 

Two areas have shown rapid technology Improvements 
In the last few years, and they are sure to continue for 

17 
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the foreseeable future. These areas are mf croporcessors 
and their associated equipment, and robotics. 

MICROPROCESSORS 

» 

Microprocessors are a product of large-scale 

t. 

Integration (LSI) In digital design and came about as a 
result of the space program. A microprocessor Is a 
computer central processor on a single chip of silicon 
or germanium. The first microprocessors were of a 
four-bit (binary term), design and were widely used In 
hand calcualtors. Subsequently a number of 8-bit 
microprocessors were produced* resulting In many 
so-called microcomputers. The popular TRS-80 made by 
Radio Shack Is an example of such a computer. Recently 
several 16-bit microprocessors have been developed, 
notable are those of Intel and Zllog that have resulted In 
microcomputers with the power that once was reserved for 
what was called a minicomputer. Examples are those of 
the Digital Equipment Corporation (DEC) and Data 
General. DEC has made the PDP-11 series for some years, 
while Data General has produced the Nova. 

The new IBM personal computer uses the Intel 8^086 
16-bit microprocessor and has the power of the above 
minicomputers at a fraction of the cost. Even more 
-significant Is the fact that Motorola Is now producing a 
16-bit microprocessor with a 32-bit Internal 
architecture which has more power than the Intel 8086. 
Intel has, however, 7 designed and Is nearlng production 
on a full 32-bit microprocessor which will result In a^ 
computer with the power of many of the sma 1 1 er me 1 nframe 
computers that used to be found only In the larger 
universities and businesses. 

The advances In memory and other associated digital 
devices have paralleled those of the microprocessor. 
Memory chips started with numbers of memory bytes on the 
order of 256. Some memory chips now have over 16,000 
bytes on a single chip. (A byte Is 8 bits.) 
o 18 



The significance of the Above Is that cheep end 
powerful digital computers ere available for all forms 
of automat tc control. The dlgltel computer Is en fdeel 
control device beceuse of Its speed end flexibility. 
Changes In en automatic control setup can often be 
effected by software (programming) changes, end 
software , once generated, cen be used over end over. 
When newer more powerful computers become aval lable, 
often only minor software changes are required io 
Interface the new equipment to the automatic control » 
setup. /""""N 

Microcomputers heve hed en Impact on almost ttfe 
toal spectrum of products In America. They ere f6upd In 
such diverse 1£ems as blenders, automobiles, gamefKand 
TV's. Factories heve them In their products and Inx, 
thefr production equipment. This Is s trend that 1s\, If 
anything, Increasing In Importance. \. 

ROBOTICS 

Industrial robots only data back to the tearly 
1960's and found very 1 1 ml ted eppl I cat Ions until the 
latter part of the 1970's. Although the term robot, 
conjures up a humanlike mechanical creature Inmost 
people's minds, meny Industrial robots have little or no 
enthropomorphlc appearance. The Robot Institute of 
America defines a robot as "a reprogrammable, 
multifunctional manipulator designed to more material, 
parts, tools, or specialized devices through variable 
programmed motions for the performance of a variety of 
tasks. 

There are many exciting developments In the field 
of robotics -khlch are on the near horizon. Several of 
these will be discussed below: 

I, Rudimentary Vision - Vision, which will, be provided 
to the robot . through the Interaction of a video 
camera and a computer to analyze the video data, 
will allow a robot to recognize things and also to 
determine where things are. Some robots already 
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haye limited vision capability but none can match 
the performance of a human In picking part s> out of a 
basket containing many different kinds of parts. 
One thing that Is helping to achieve be'ct^r vision 
In robots Is the more powerful but economical 
computers which are available. 

* 

2. Tactile Sensing - Tactile sensing Is the ability to 
distinguish things through the sense of feel. It Is 
well established that blind people can be more 
effective In activities that depend on a sense of 
feel. So, too, the robot may compensate for a lack 
of vision by ^proved tactile, sensing. Where 
tactile sensing Is used, no ambient Might Is needed 
and this" woula result In some economy. This area Is 
presently showing rapid development. 

3 . Hand-to-hand Coord 1 nat Ion - Some 1 ndustr 1 a 1 
\ activities require that more than, one hand or' 

appendage be" used at a time. A robot with more than 
one hand or the coordination of more than one robot 
would /be required* This capability exists only In a 
^limited sense at a r esent, but more sophisticated 
programming Is brlngl. y about Improvements.. 

4. Mobility - Some Jobs could be better accomplished by 
a robot that could more effect Ivley move about 
within or between work stations. This Is presently^ 
accomplished by rails but they do not possess the 
pr ogrammabl It 1y and flexibility of the robot. 

♦ 

5. General Purpose Hands - No robot hand has even a 
small fraction of the capability of a human hand. 
The robfct hand must be changed 1 often 1 n order to 
accomplish a dlverlsty of tasks, Reseat^eb going on 
Is attempting to design robot hands that can be used 
for a wider variety of tasks. ^ 

6. Man-Robot Voice Communication - As robots become 
more versatile and capable, the ability to 
communicate by voice with the robot will Increase In 
value. Present-day robots are still too simple for 
voice communication to have very much payoff, but 
that promises to change in the near future. The 
advances In computers are pushing these advances In 
robots closed. There Is a lot of effort being made 
1n Industry and at many universities In the field of 

\ artificial Intelligence which will. In effect, lead 

to a much more sophisticated robot. The time when 
voice communications with robots will have a good 
payout Is probably no more than a few years off. 

30 ' . 
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Total Self-ffl agnostic Fault Training - The Increased 
sophistication and power of the new robots of Item 6 . 
above will also make possible this self-feult 
detection. One can look a little further ahead and 
also envision self-repair for robots. At any rate 
se1f-d1 agnostics should be available in 'robots 
within a few (2-3) years at most. It hay very well 
be able to show an economic payout sooner then some 
of the other Innovations mentioned. 

Safety - Robots at" present can be very dangerous If 
those who work on them are careless; More Inherent 
safety Is desirable and probably will be Included In 
the robot designs of the near future. Safety Is 
almost always of prime concern. The Inherent safety 
mentioned above refers to safety characteristics of 
the- robot whereby It can detect an unsafe situation 
and compensate for It. It Is Important to recognle, 
however t that the use of robots In certain Jobs Is 
far better for safety • because of the haards of 
those Jobs. 
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ELECTROMECHANICAL ENGINEERING TECHNOLOGY 
STANDARD CURRICULUM - QUARTER SYSTEM 
(SUGGESTED SEQUENCE) 



First Quarter 
D.C. -Circuits 
Computer Fundaments 1 s 
Algebra. 

Engineering Graphics. 

- V 

Second Quarter 
Physics I 
. Trigonometry * 
A.C. Circuits 
English & Composition 



Third Quarter * 

Electronic Devices 4 3 7 

Physics II 4 3 7 

Analytic Geometry and Calculus 5 0,5 

Circuit Analysis _A _2 _Z 

17 9 26 

Fourth Quarter 







Contact 


Class 


Lab 


Hour 


4 


3 


7 


mm 

3 


6 


9 


5 


0 


mm 

5 






_Z 


13 


m mm 

15 


28 


4 


3 


7 


5 


0 


5 


4 


3 


7 


-& 


Ji 


JL 


18 


6 
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Technical. Communications 


4 


3 


7 


Digital Electronics 


3 


3 


7 


Physics II 


4 


3- 


7 


Elective Group I 




JL 


JL 




16 


12 


28 



Fifth Quartej 

Devices 




tons 

sP 

Programmab 1 e Contro 1 1 er s 
E 1 set I ve Group 1 1 1 
E 1 ect I ve Group 1 1 1 
E 1 ect I ve Group 1 1 1 

Seventh Quarter 

Industrial Relations 
Principles of Economics 
Elective Group IV 
EMT Problems (Elective) 



4 


3 


7 


4 


3 


7 


4 


3 


7 




Ji 




16 


12 


28 


• 4 


3 


7 


4 


3 


7 


4 


3 


7 




Ji 


-2 


16 


11 


27 


5 


0 . 


5 


5 


\ + 


5 


4 




7 






_a 


14 


12 


26 
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ELECTROMECHANICAL ELECT IVES 



Group l - (Fourth Quarter) 

Mechanical Devices ft Systems « 
Fluid Power 

Electrical Power ft Distribution I 

••• \ • ' 
Qrouo U - (Fifth Quarter i 
Instrumentation ft Controls 
Fluid Power 

Automatic Motor Controls I . 
System Drawing a. 
Electrical Power ft Distribution II ' 
Feedback ft Control Systems 

Grfv» 111 - (Sixth Quarter) 
Micro-computer Applications I 
Instrumentation ft Controls 
Thermodynamics 
Feedback ft Control Systems 
Robotics I 

Industrial Controls I 
AC/DC Machines I 
Automatic Motor Controls II* 

Group IV - (Seventh Quarter) 
Industrial Electronics 
Industrial Controls II 
Programmable Controller Problems 
Robotics II " • 

, AC/DC Machines II 
Thermodynamics 
EMT Problems 

Plus, any of above not already taken 

Group V - (Eighth Quarter) optional 
Electronic Instrumentation 
COntrol Systems Analysis 
Heating ft A/C Controls 
EMT Probl ofns 

• / * 

( Note^ Elect Ives from MET or EET may be added to this list by 

/ consent of program coordinator. 
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It U rse om ms hd id that EMT students have the Vo 11 owing courses 
as a minimum, i 



^Communf cat Ions ft Social Studios. 



20 hrs. 



Mothemetlcs ft §c tenet 



30 hrs. 



Computer ft Graphics 



8 hrs. 



Technical Core ' , 

O.C. Circuits 
A.C. Circuits 
Circuit Analysis 
Electron 1c Devices 
Digital Electronics 
Mechanical Devices ft Systems 

♦ 

E 1 ect romechen 1 ce 1 Dev 1 ces 
Digital Applications 
Instrumentation ft Control 
Fluid Power 

Micro-computer Applications I 
Programmable Controller 



5 hrs. 
5 hrs. 
5 hrs. 
5 hrs. 
5 hrs. 
5 hrs. 
5 hrs. 
5 hrs. 
5 -hrs. 
5 hrs. 

♦ 

5 hrs. 

5 hrs i 



118 hrs. 



El ect Ives ( 4 courses ) 18 hrs. 

136 hrs. 
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COMPUTER FUNDAMENTALS 



COURSE DESCRIPTION 



Thft court* wflll provide students with knowledge, skills, 
end ettltudes to 'use the microcomputer as- e tool to solve 
engineering technology problems typlcelly encountered* 
throughout their programs. Topics tejght will Include 
microcomputer architecture, programing concepts, brenchlng, 
looping, arrays, functions, subroutines, dete flies, graphics 
and applications. 



PREREQUISITE; Admission to ths Program 
CREDIT HOURS t 3-6-5 



I 



COURSE OUTLINE 

I. Introduction to the 
H 1 croprocessor 
t A. Hardware \ 

B. Termlnolgy 

C. Execution modes 
* D. Programs 

II. Introduction to Concepts of 
Programming 

A. Flowcharting 

B. Ver labia types 

C. Operations and formulas 

D. Simple BASIC programming 

E. Program comments 

F. Storage end retrieve! 
of progrems 



III 



IV. 



Studant Contact Hour* 
•Class Laboratory 



Branching and Looping p 
A. Relational operation* 
Logical operations 
Conditional brenchlng 
Multiple branching 
The stop statement 
Loops 

Nested loops 



B. 
C. 
D. 
E. 
F. 
G. 



Arreys 

A. Lists and tables 

B. Subscripted variables 

C. Defining arrays 



V. Functions and Subroutines 

A. Library functions 

B. User functions 

C. Defining » 
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Student Contact Hourt 

Class Laboratory 

\y*y Random numbers 
<e; Defining subrout 1 nas 
F. Rafarancfng subroutines 

VI. Data Ft las 3 6 

A* Creating sequential data 
flies 

B. Using sequential data flies 

VII. Engineering Applications 3 12 

A. Electronic technology 
problems 

B. Electromechanical technology x 
problems 

C. Mechanical technology 
problems 

VIII. Graphics 3 6 

, A. Drawing bar chart c 

B. Graphing functions 

C. Computer-generated imagery 

STUDENT LABORATORIES 

. Execute Instructor-supplied simple programs. 

. Develop, debug, and execute a simple BASIC program. 

• Save, retrieve* and execute a previously developed 
BASIC program. 

. Create a data file, develop a program that will 

• manipulate the file, end produce en acceptable output. 

. Given a typical engineering program Including all 
necessary equations and data, develop programs that will 
solve the problems and produce ecceptable output. 

. Develop, debug, and execute e program which wl 1 1 
produce the answers In tabular form. 

• Develop, debug, and execute an Interactive program. 

STUDENT COMPETENCIES • 

Upon completion of this course the student will be able tot 
. Identify microcomputer hardware and define the 

associated terms. 
. Execute pre-wrltten programs. 

. Write, save, retrieve, and execute simple programs 
In BASIC. 

. Write BASIC programs using branching and looping 
% statements 

. Write BASIC programs manipulating data using arrays. 
. Write BASIC programs using library functions. 
. Develop functions and subroutines and Incorporate them 
Into BASIC programs. 
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Write .programs that use and manipulate data files. 
Solve selected, technology problems' using the 
microcomputer. 

Define- and Identfy microcomputer hardware 
(microcomputer* keyboard* CRT* disk drive* cassette; 
printer* floppy disk). 

List execution modes (execution* command or 1i 
systems* edit). 

(These may differ according to manufacturer.) 
Execute a BASIC program which has been stored on a disk. 
Enter via keyboard and execute a program which has been 
supplied by the Instructor. 

Discriminate between keywords and control words. 
Construct a flowchart which will display the logic of a 
given program or problem. * 
Determine whether or not a line number Is necessary In a 
given expression. 

Construct BASIC statements to compute given formulas. 
Write a simple BASIC program. 

List and give examples of variable types (numeric* 
string* constant). 

Identify symbols used for arithmetic operations 
(Addition* subtraction* multiplication* division* and 
exponentatlon) • 

Outline correct* structure, for BASIC programs 

(Identification* purpose* process). 

SAVE a BASIC program on tape or floppy disk. 

Retrieve a program which has been stored. 

Write BASIC statements using relational operators '( less 

than* greater than* less than or equal te« greater than 

or equal to* less than or greater than* equal to). 

Write BASIC statements usJng logical operator (AND* OR 

NOT). 

Write BASIC programs using IF-THEN-ELSE statements. 
Demonstrate juse of STOP statement to halt program and 
check progress. . 

Identify end code algorithms Involving nested loops. 
Generate lists and tables using subscripted variables. 
List examples of subscripted string and numeric 
variables. 

Define an array using the DIM statement. 

List keywords used as library functions (trig functions 

ABS, INT, RNDff AQR) . 

Code a DEF FN statement. 

Code algorithms using GOSUB. ^ 
Code statements 1 us 1 ng the TAB(N) function. 
Code algorithms which wfll accumulate. 
Build a dete file which contains at least five records. 
Access data files which haye been previously created. 
Write* debug* and execute et least one program which 
solves e problem In the student's major area of 
Interest. 

Plot a given point on the CRT. 
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RECOMMENDED TEXTS 

Bent, Robert J. and Sethares, George C. Baslct An 
Introduction to Computer Programming: " 2nd ed. Monterey, 
CAt Brooks/ Cole Publishing Co., 1962. 

Shelly, Gory and Cashman, Thomas. Introduction to BASIC 
Programming. Anaheim, CAt Anaheim Publishing Co., 1982. 
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•ECONOMICS 

COURSE DESCRIPTION 

Basic principles of the American economic system of free 
enterprise will be covered. An emphasis wl 11 be placed not 
only upon . the classic economic principles* but upon 
understanding these principles as they apply to current 
economic trends. The role of 

technical /technological ly-or tented Industries In the 
economics of today to be emphasized. 

PREREQUISITES None. 

CRED1 



IT HOURS i 
SE OUTLINE 7 



COURSE OUTLINE J Student Cont act Hours 

Class Laboratory 

I. Introduction (Basic Economic 1 
Concepts ) 

II. Economic Forces and Indicators 2 

A. Economics defined 

B. Modern special Izatlon 

C. Increasing production and 
consumption 

D. Measures of economic activity 

1. gross national product 

2. national Income 

3. disposable personal Income 

4 . I ndustr I a 1 product 1 on 

5. emoibyment and unemployment 

III. Cap 1 ta 1 and Labor 3 

A. Tools (Capital) 
I i" the Importance of saving 

and Investment 
2. the necessity for .markets 

B. Large-scale enterprise 

C. Labor 

1. population characteristics 

2. vocational ch61ce 

3 . genera 1 educat 1 on 

4. special training 

5. management's role In 
maintaining labor supply 

IV. Business Enterprise 7 

A. Forms of business enterprise 

1. Individual proprietorship 

2. partnership 

3 . - corporat 1 on 

B. Types of corporate securities 
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Student Contact Hours 
Class Laboratory 

1. common stocks 

2. preferred stocks 

3. bonds 

C. Mechanics of financing 

business . 
0. Plant organization and 

management 



Factors of Industrial 10 
Production Cost 

A. Buildings and equipment 

1. Initial cost and 
financing 

2. repair and maintenance 
costs 

3. depreciation and 
obsolescence costs 

B. Materials 

1. Initial cost and 
Inventory value 

2. handling and storage 
costs 

C. Processing and production 

t. methods of cost analysis 

2. cost of labor 

3. cost of supervision 
and process control 

4. effect of losses In 
percentage of original 
product compared to 
finished product (yield) 

D. Packaging and shipping 

E. Overhead ror^s 

I. Profitability and business 
survival 



Price, Competition and Monopoly 5 

A. Function of prices 

B. Price determination 

1. competitive cost of product 

3. supply 

4. Interactions between supply 
and demand 

C. Competition, benefits and 
consequences 

1. monopoly and oligopoly 

2. forces that modify and 
reduce competition 

3. history of government 
regulation of competition 

0. How competitive Is our 
economy? 



I 

/ 




Student Contact Houre 

Class Laboratory 




VII. Distribution of Income 2 

A. Increasing real Income 

B. Marginal productivity 

C. Supply In relation to demand 

D. Incomes resulting from 
production 

1 . wages 

2. Interest 

3. rents 

4. profits 

E. Income distribution today 

9 

VI 4 1. Personal Income Management 2 

A. Consumption - the core of 
economics 

B. Economizing defined 

C. Personal and family budgeting 

D. Analytical buying 

1. applying quality standards ■ 

2. consumer's research and 
slml lar aids 

E. The use of credit 

F. Housing - own or rent? 

IX. Insurance. Personal Investments 3 
and Social Security N 

A. Insurance defined 

B. Life Insurance 

1. group v Industrial v 
ordinary 

2. type of policies - 
advantages and 
disadvantages 

C. Casualty Insurance 

D. Investments 

1. savings accounts and 
government bonds 

2. corporation bonds 

3. corporation stocks >• 

4 . annu I t I es 

5. pension plans 

E. Social Security 

1. old-age survivor's 
1 nsurance 

2. unemployment compensation 

3. medicare 

X. Money and Banking 3 

A. Function of money 

B. The nation's money supply 
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ERIC 




\ 

I 



C. Organization and operation 



of 


a bank 




1. 


sources of i 


deposits 


2. 


the reserve 


ratio 


3. 


expansion o 


F bank 




deposits i 




4. 


sources of 7 


reserves 



/ 

Student Contact Houfa 



Class 



/ 



7^ 



Laboratory 



/ 



D. 



The Federal Reserve System 

1. service functions 

2. control ,of money supply 



E. F.D.I.C. 



XI. 



Government Expenditures, Federal 
and Local / I 
Economic; effect 
Functions of government 
Analysis of government 
spending 
Future outlook 

Financing government spending 



A. 
B. 

C. 

D. 
E. 



1 
2. 
3. 

4. 
5. 
6. 



crtterte of sound taxation 
tax revenues In the U.S. J 
the fetimra\ and state 
personal Income taxes 
the coporate Income tax 
the property tax * 
commodity taxes 



XII 



XIII. 



Fluctuations In Production, 
Employment and Income 

A. Changes In aggregate spending 

B. Output and employment 

C. Other factors affecting 
economic fluctuations 

1. cost-price relationships 

2. demand • for durable goods 

3. supply of commodities 

4. effects of war 

5. Inflation and deflation 

6. techno logy and automation 

D. Government Debt 

1 . purposes of government 

2. how burdensome Is the 
debt 

3. problems of debt v 
management 

The United States Economy In 
Perspective 

A. Recent economic changes 

1. Inflation and recession 

2. effects of trade Imbalance 



v.. 
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3. new products and 
Industries 

4. Increeso In povernmenta 1 
controls 

B. Present economic problems of 
U.S. economy 

1. the world market 

2. Internet I one l cooperation 

3. maintenance of prosperity 
end progress 

4. economic freedom and 
security 

C; Communlsmi nature and 

control by Soviet State ^ 

D. Problems common to ell systems 

E. Special economic problems 
of the U.S. • 



STUDENT COMPETENCIES* 



Student Contact fcteyrj 
Class Laboratory 



<0 



At the conclusion of this course, the student wl 1 1 be 
able tot 

Dif Ine what 1^ meant by economics .In the traditional 
sense and state the Importance of economics to today's 
business enterprises. 

Explain 'the relationship of productivity, balance of 
trade, end gross national product. 

Explain the roles oF capital and labor In the American 
economic system. 

Contrast Individual proprietorships, partnerships, end 
corporations as methods of business organizations. " 
Explain how businesses are financed. 
Define and/or explain the Importance of the following 
terms to production costt capital outley, materials, 
direct labor. Indirect labor, scrappage and efficiency, 
materials shipping and handling, overhead, taxation and 
government regulation. 

Explain how free enterprise Is different from 
monopolistic or socialistic economies. 
Define real Income. 

Compute real Income given gross Income and relevant 
variables. V 
Plan a personal budget. ' 

Plan a projected program of y personal Investment, 
savings, and Insurance. 

Explain the meaning of money In economic terms. 

Discuss orally or In writing the effects of government 

regulation on business and economics. 

List and briefly describe three major problems which 
affect the American economy today. 
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RECOHHENDED TEXTS 



Amecher. Principles of Economics . (Second Edlt4dh). 

Southwestern Publishing* 1983.' 
Hellbrener and Thuran. The Economic Problem. Prentice-Hall, 

1981. 

01 sen and Kennedy..' Economics! Principles and /AppI 1cat1on« 
(Nlneth Edition). Southwestern Publishing, 1978. 

Theussen, et el. Engineering Economy . (5th Edition). 
Prentice-Hall, 1977., , • ^ 
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ENGLISH AND COMPOSITION 
COURSE DESCRIPTION 

This course ft designed to enhance the student's skill 
In writing, grammar usage and composition. Topics for student 
exercises me? be chosen from material discussed or 
experienced In technical "courses. Course material will serve 
to' Integrate basic communication skills with studies In 
technical subject areas . Topics to be covered Include 
grammar, writing skills and composition. 

PREREQUISITES /dm Iss Ion to Program 

CREDIT HOURS i 5-0-5 

COURSE OUTLINE 



Student Contact Houre 
Class . Laboratory 



Communications and the 
Technician / 

A. Why the technician must be 
proficient 

B. Importance of written 
communications as an 

. essential ski 1 1 

C. Study skills 

^ - 1. nptetaklng skills 

2. following written and 
v oral Instructions 

3. test-taking skills 



II. Composition (Emphasis on 47 
Student Writing) 

A. Diction 

B. Sentence Review 

1 . rev 1 ew of bos 1 c parts » 
of speech 

2. complete sentences 

3. use and placement of 
modifiers, phrases, 
clauses 

.4. sentence conciseness 
5. exercises In sentence j 
structure, 
O. Grammar usage 

1. capitalization 
-*\2. punctuation 

3. subject-verb agreement 
D. Paragraph construction 

1. topic sentence/ 

2 . deve 1 opment 
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3. unity and coherence 

4. translations) devices 

E « Narration, description* and 

exposition 
P. Theme construction 

1 . thes 1 s statement 

2. transitions 

3. conclusions 

STUDENT COMPETENCIES V\ 

At the conclusion of the course, the student will be able tot 

. Explain the need for effective written communication and an 

appreciation for the writing process. 
. Use effective techniques for taking notes, following 

Instructions, and 'taking tests. 
. Analyze the Ideas In essays related to technology and 

society. 

. Recognize and articulate multiple points of view. 

. Use commonly misused words correctly 1n basic sentences. 

. Punctuate, capitalize, and spell correctly. 

. Recognize and write simple, complex, compound, and 

complex-compound sentence structures. 
. Rewrite ambiguous, wordy statements. Into clear, terse 

sentences . 

. Recognize and write paragraphs using varied organizational 
techniques (cause and effect, description, definition, and 
so on) . 

. Write paragraphs containing we 11 -defined topic sentences 

and develop each paragraph Into a unified whole. 
. Use transitional words and paragraphs to achieve coherence 

and unity In writing. 
• Organize thoughts durtrfa the pre-wrltlng stage using a 

written outline. 
. Effectively write a unified, we 11 -developed five paragraph 

theme following standard English grammar usage. 

RECOMMENDED TEXTS 

Hodges, John C, Whiten, Mary E. , Har brace College Handbook. 
9th ed.. New York, Har court, Brace, Jovanovlch, 1982. 

Lynch, Robert E. and Thomas, B. Swanzey, eds. The Example of 

Sclencex An Anthology for College CofflPPSmont 

Englewood Cliffs, NJx Prentice-Hall, 1981. 

Watkfns, Floyd C. and Martin, Edwin T. , Practical English 
Handbook . Boston , Houghton M 1 f f 1 1 n . 



42 48 



INDUSTRIAL RELATIONS 
COURSE DESCRIPTION 

4 

This course Includes the study of the beefs of humeri 
reeltfont end the. organ Izet Ion of fndfvfduel end group 
behavior. Leadership, organ Izetl one 1 end socfel environments 
(Including labor unions), career development* communlcetlons 
end group processes* as well es selected operetlng ectlvltles 
ere covered. Appropriate cese problems ere reviewed end 
discussed. Special emphasis Is placed on typical Industrie) 
end business relationships In everyday situations. f 

PREREQUISITES None 

CO-REQUISITE: None 

CREOIT HOURS i 5-0-5* 

COURSE OUTLINE 

Student Contact Hour* 
t Class Laboratory 

I. Fundamentals of Organizational 4 
Behavior 

A. Working with people 

B. Mainsprings of motivation 

C. Social systems 

D. Morale Information and Its use 

E. Developing a sound behavioral 
climate 

II. Leadership and Its Development 6 

A. The leadershfp role s . 

B. Effective supervision 

C. Development of participation 

D. Human relations training 

III. Organizational Environment 6 
A. Organizational structures 
&/ Organizational dynamics 
C. The Individual In the 

organization 
0. Informal organization 

IV. Career Development tn 6 
Organizations 

A. Understanding career 
motivation 

B. Making career choices 

C. Attitudes and advancement 

D. Career development and 
management practices 
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Student Contact Hours 
\ Class " Laboratory 
V. Social Environment \ 4 

A. Labor unions *\ 

B. Working with unions \ 

C. Employment discrimination \ 
0* Hanaglng scientific and * \ 

professional employees \ 
E. Managing employees In \ 
, International operations \ 

VI. Communications and Group 10\ 
Processes . \ 

A. Communication with employees \ • 

B. Communication groups \ 

C. Counseling and Interviewing 
0. Group dynamics * 

E. Hanaglng change 



Operating Activities 4 
A* Appraising arid rewarding 
performance 

B. Using economic Incentive 
systems 

C. Integrating work systems with 
people . 

D. Understanding automation 

E. Organizational behavior In • 
perspective ^ 

Case Problems In Technical 10 
Organizations 

STUDENT COMPETENCIES 1 

At the conclusion of the course • the student will be able tot 

. List and describe 5 fundamental componenets of a sound 
organizational environment. 

• Explain the critical role of leadership In developing an 
organizational climate. 

. Describe the characteristics of an effective leader. 
. List 4 basic types of organizational structures. 
. Diagram an organizational structure and label components. 
' . Develop a personal career objective and explain the 
rationale for the choice. \ 

• Discuss and evaluate the Impact of unionization on the 
U.S. economy. 

. Explain the Importance of Interpersonal communication In 
? an organization. 

• List and describe the various types of communication 
that are Important at work. 



VII. 



VIII. 
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• Explain the possible Impact of automation on the people 
In an organization. j 1 

• Effectively formulate solutions to oraanlzatlonal 
problems presented by the Instructor.' V 

RECOMMENDED TEXTS 

Yodar and Standohar, Personnel Management and Industrial 
Relations . Englewood Cliffs* NJ, Prentice-Hall* 1982. 

Armlne et al.* Manufacturing Organization and Management. 
Englewood Cliffs* NJ* Prent .ce-Hell , 1982. 

Everand and Shllt* Business Pr Indoles and Management. 
Southwestern Publishing* 1979. 



\ 
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TECHNICAL COHHUNICATIONS 



Technical Communications will provide tha student with 
world ng Knowledge of the use of communication techniques* 
procedures* and formats used In Industry and business. The 
student will learn eccepted methods of describing devices and 
processes v and of making oral and written technical 
presentations. Also, proper use of written manuals* guides* 
spec 1 f 1 cat 1 ons t end vendor 1 nstr uct Ions will be revf ewed . 

PREREQUISITES English and Composition 

CREOIT HOURS t 5-0-5 

COURSE OUTLINE 

I. Introducing Technical 
Commun 1 cat 1 one 

A. Purpose of course 

B. Definition of technical 
writing 

C. Basic principles of 
technical writing 

D. Style 
1. audience 
2 • purpose 

3. scientific attitude 

E. Introduction to oral 
communication 

II. Conducting Reseerch 6 

A. Completing preliminary steps 

B. Assembling sources 

1. searching subject 
heading Indexes 

2. using the card 
catalog 

3. consulting specialized 
^ guides 

4. locating bibliographies 

5. using Indexes and 
abstract services 

6. using reference materials 

C. Using research results 

1 . taking notes 

2. assembling an annotated 
blbl lography 

III. Planning the report 5 

A . Out 1 1 nes 

1. outlining effectively 

2. rules for formal outlines 

B. Abstracts and Introductory 
summaries 

47 
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Student Contact Hours 
Class Laboratory 
3 



/ 



Student Contact Hours 
Class Laboratory 

1 . types of abstracts 

2. suggestions for writing 
abstracts 

IV. Writing Definitions 
' —A, What should be defined 

1. familiar words for 
unfamiliar things 

2. unfamiliar words for 
faml 1 lar things 

B. How* definitions are constructed 

1. Informal ' 

2. formal 

a. class 

b. distinguishing 
character I st I cs 

c. summary of formal usage 
* d. additional suggestions 

t for formal usage 

3. ampl If Jed definitions 

C. Where definitions should be placed 

V. Describe Mechanisms 

•A. Describing mechanisms 

B. jpomporients of the description 
of a mechanism 

1. -some potential problems 

2. specifications 

C. Describing ma 1 f unct I ons .of 
a mechanism 

VI. Describing Processes 

A. Describing a process 

B. Problems encountered In 
describing a process 

C. instructions In a process 

D. Describing malfunctions of 
a process 

VII. Putting Skills Into Practice! 
Writing a Forma 1 Techn I ca 1 
Report -~ 

A. Writing the rough draft 

1 . pref actory pages 

2. body of the report 

3 . append 1 x 

B. Editing the rough draft 

C. Producing the final copy x 

VIII. Presenting an Oral Technical 
Report 

4tf 5 3 




A. Oral and visual aspects 

of technical communications 

8. Oral presentations and 
act iv ft fas 

1 . oral reports and 



presentations 
2. leading conferences and 
group discussions 
C. visual Illustrations 

1. what Illustrations can do 

2. types of I I lustrations 
0. Presenting the oral report 

STUDENT COMPETENCIES 

. Explain the Importance of technical communications to the 

engineering technician. 
. Use appropriate reference materials In preparing a 

technical report. 
. Write a formal and an Informal outline for a technical 

report . 

• Write an abstract for a technical report. 

. Write appropriate definitions of technical terminology. 
. Precisely describe the characteristics and components of 
me chan I sms . 

. Precisely describe the characteristics and componenets of 
processes. 

• prepare a formal technical report using accepted formats 
and style. 

Deliver orally an Informative persuasive technical 
presentations using supportive visual aids. 

RECOMMENDED TEXTS 

Brenner, Ingrld, Mathes, J. C. and Stevenson, Dwlght. The 
Technician As Writer. I ndlanapol I s t Bobbs Merrill, 1980. 

Messer, Ronald. Style In Technical Writing. Glenvlew, lis 
Scot ». -For e smart, 1982. 

Sherman, Theodore and Johnson, Simon. Modern Techn I ca I 
Writing. 4th edition. Englewood Cliffs, NJt Prentice 
Hall, 1983. 




49 

54 




MATHEHATICS AND SCIENCE COURSES 



/ 
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COURSE DESCRIPTION 



ALGEBRA 



This course, Is designed to develop and update algebraic 
skills required for engineering technicians as applied to the 
solution of practical problems encountered 1n electrical* 
mechanical, thermal, hydraulic, pneumatic, and opt I eel 
technologies. Top tea to be covered Include functions end 
graphs, linear^ equations, determinants, factoring, 
quadratics, and the solution of right triangles. 

PREREQUISITES* Admission to Program 

CREDIT HOURS i 5-0-5 

COURSE OUTLINE Student Contact Hour« 

Class Laboratory 

I. Fundamental Concepts and 13 
Operations 

A. Numbers and 1 Iteral 
symbols 

B. Fundamental laws of 
a 1 gebra 

C. The laws of exponents 
0. Scientific notation 

E. Exponents and radicals 

F. Addition a no subtraction 
of algebraic expressions 

G. Multiplication and division 
of algebraic expressions 

H. Equations and formulas 

II. Functions and Graphs 6 

A. Functions 

B. Cartesian coordinates 

C. Graphing functions 

D. Solving equations 
graph I ca 1 1 y 

III. Linear Equations and 11 
Determinants 

A. Linear equations 

B. Graphical solution of 
systems of two 1 1 near 
equations In two unknowns 

C Algebraic solution of 
systems 

D. Solution by determinants 
of systems of two 1 1 near 
equations In two unknown3 

E. Algebraic solutions of three 
linear equations in three 
unknowns 



/ Student Contact Hours 
Class Laboratory 

F. Solution by determinants of, 
^ systems of three 1 1 near 
{ equations In three unknowns . 

I V .\j£actor 1 ng and Fractions 10 
AT^sSeeclal products 

B. Factoring ^ 

C. Slmpl Ifylng fractions \ 

D. Multiplication and division 
of fractions 

F. Addition and subtraction 
of fractions 



V. Quadratic Equations 5 

A. Quadratic equations. 
Solution by factoring 

B. Completing the square 

C. T he quadratic formula 

VI. Variation (optional) 

A. Direct 

B. Inverse 

C. Joint 




STUDt-NT COMPETENCIES 

At the conclusion of this course . the student will be able 
tot 

* 

. Write concepts mathematically using numbers and symbols. 
. Perform mathematical operations using the fundamental laws 

of algebra and the laws of exponents and radicals. 
. Make mathematical computations using scientific notation. 
. Perform algebraic operations of addition* subtract lent 

multiplication* and division on algebraic expressions. 
. Perform basic mathematical operations on equations and / 

formulas to solve for any given variable. 
. Graph relations and functions with two variables. 
. Graphically solve two linear equations with two unknowns. 
. Algebraically solve two linear equations with two unknowns. 
. Use determinants to solve three linear equations In three 

unknowns. 

. Identify the general form of first, second * and third 

degree equation products In three unknowns, 
. Facror 1 nto pr 1 me factor s a l gebra 1 c express 1 ons conta 1 n 1 ng 

common monomial factors. 
. Factor the difference of two squares. 
. Factor trinomial expressions. 
. Factor perfect square trinomials. 

. Change a given algebraic fraction into a specified 
equivalent fraction. 
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. Perform operations of addition, subtraction, 
multiplication and division on algebraic fractions. 

. Solve equations containing algebraic fractions. 

. Solve quadratic equations by factoring. 

. Solve quadratic equations by completing the square. 

. Solve quadratic equations by use of the quadratic formula. 

. Define trigonometric functions using the standard 
triangle. 

. Solve right triangles. 



RECOMMENDED TEXTS 

Clar and Hart. Mathematics for the Technologic. Englewood 
Cliff, N.J.x Pret Ice-Hall, Inc. 7 



Paul and Shaevel. Essentials of Teeh nieal MathwiitlM with 
. Calculus, Englewood Cliffs, NJ.t Prentice-Hall, Inc. 




£flJ Mathematlo tilth 

mmfngs. 
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ANALYTIC GEOMETRY AND CALCULUS 



COURSE DESCRIPTION 

This course fs a survey course designed to develop 
analytic geometry and calculus skills required for 
engineering technicians as applied to the solution of 
practical problems encountered In electrical, mechanical . 
thermal, hydraulic, pneumatic, and optical technologies. 
Top Ics to be covered I nc 1 ude ana lytic geometry • der I vet 1 yes • 
Integrals, differentiation and Integration of polynomial 
functions and transcendental functions and Integration 
techniques. 

PREREQUISITES* Algebra. Trigonometry 
CREDIT HOURS i * 5-0-5 



COURSE OUTLINE 



Elements of Analytic Geometry 

A. The straight line 

B. The circle 

C. The parabola 

D. The el 1 1pse 

E. The hyperbola 



Student Contact Hours 
Class Laboratory 
8 



II. Sequences and Series (optional) 

A. Finite sequences and series 

B. Infinite sequences and series 

C. Limit of a sequence or series 



III. Derivatives and Applications 

A. Limits 

B. The slope of a tangent to 
a curve 

C. The derivative 

D. Derivatives of polynomials 

E. Derivatives of products 
and quotients of functions 

F. The derivative of a 
power of a function 

* G. The derivative as 
a rate of change 

H. Maximum and minimum problems 

I. Impl Iclt differentiation 



15 



IV. Integration and Applications 

A. Differentials and Inverse 
differentiation 

B. The Indefinite Integral 

C. The area undbr a curve 

D. The definite integral 
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< 

Student Contact Hours 
Class Laboratory 

E« Finding area by Integration 

F. Volume by Integration 

G. Applications for the Integral 

H. Trapezlodal rule /or rectangula 
method for approximating areas 
♦( optional) 

V. Differentiation of transcendental 8 
functions 

A. Derivatives of the sine and 
cosine functions 

B. Derivatives of the other 
trigonometric functions 

C. Derivatives of the Inverse 
trigonometric functions 

D. Derivatives of the exponential 
and logarithmic functions 

VI. Integration Techniques (Optional) 4 

A. The genre 1 power formula 

B. The logarithmic and 
exponent 1 a 1 form 

C. Basic trigonometric forms 

D. Integration by parts 

E. Integration by substitution 

F. Use of the tables. 

STUDENT COMPENTENCIES 

At the conclusion of this course* the student will be able 
to: 

. Find the straight-line distance between two points on a 
graph . 

. Define and find the slope of a line. 

. Write the equation of a stralght-1 Ine given various 

properties of the line such as points on the line* slope 

and/or Intercepts. ' 
. Define a circle and write the equation of a circle with 

the center at (0,0) and with the center at any 

coordinate (x,y). 
• Define and derive the equation of a parabola given 

appropriate data. 
. Define and derive the equation of an ellipse given the 

appropriate data. 
. Define and derive the equation of a hyperbola given 

the appropriate data. 
. Find the sum of a finite arithmetic or geometric 

series and of other finite series. 
. Find the nth term of a sequence. 

. Find the sum of an Infinite geometric series If one 
exl sts. 

. Identify convergent and divergent sequences and series. 
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. Find thejlmlt of an Infinite sequence or series If It 
ex 1 sts . 

. find the limit of an Infinite sequence or series If It 
exists. 

. Determine If a function Is continuous. 
. Determine the limits of a function if they exist. 
. Find the slope of the tengent to a curve. 
. Define and find the derivative of a function. 
. Derive the derivatives of products and quotients of 
functions. 

. Derive the derivative of a power of a function. 

. Use dfTferentfal calculus to solve problems Involving 

rate of change . 
. Use differential calculus to solve maximum and minimum 

problems. 

. Use Implicit differentiation to solve applied problems. 

. Find the differential of a function. 

. Find the ant 1 derivative of a function. 

. Define and find the Indefinite Integral of a function. 

. Find the area under a curve. 

. define the definite Integral of f (n). 

. Find volume by Integration. 

. Apply Integral calculus to solve problems Involving 
moments of Inertia, work, average values, etp. 

. Compute derivatives of the sine and cosine functions. 

. Compute derivatives of the other trigonometric 
functions. * 

. Compute derivatives of .the Inverse trigonometric 
functions. 

. Compute derivatives of the exponential logarithmic 
f unct I ons . 

. Integrate functions by use of the general power 
f ormu la. 

. Integrate functions In logarithmic and exponential 
form. 

. Integrate the trigonometric functions. 
. Perform Integration by parts. 
. Perform Integration by substitution. 
. Perform Integration by use of tables. 



RECOMMENDED TEXTS 

Clar aritf*Hart, Mathemati cs for the Technologies. Engtewood 
Cliffs, NJ: Prentice-Hall. 

i 

Paul andShaevel, Essential of Technical Mathemat ics with 
Calculus. Eng 1 ewood C 1 1 f f s , NJ x Prent 1 ce-Ha i 1 . 

Washington, Al iyn J.. Basic Technical Mathema tics with 
Calculus. 3rd ed. , Benjamin Cummtngs. 
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TRIGONOMETRY f 

COURSE. DESCRIPTION 

This course Is designed to develop trigonometric skills 
required for engineering technic lens es applied to the 
so 1 ut 1 on of pract 1 ca 1 prob 1 ems encountered 4 n e 1 ectr 1 ce 1 , 
mechanical • thermal, hydraulic, pneumatic and optical 
technologies. Topics to be covered Include trigonometric 
f unct 1 ons of ang 1 es , vectors , so 1 ut 1 ons to ob 11 que tr 1 ang 1 es , 
graphs of trigonometric functions; J -Operator, Identities, 
Inverse functions and logarithms,^ exponents and radicals and 
additional solutions to systems and equations. 

PREREQU ISITEs A 1 gebra 

CO-REQUISITE i NONE 

CREDIT HOURS t 5-0-5 

COURSE OUTLINE 

I . Tr 1 gonometr 1 c f unct 1 ons 
of any angle 

A. Signs of the 
trigonometric function 

B. Radian 

C. Applications of the use 
of radian measure 



Student Contact Hours 
Class Laboratory 



II. vectors and triangles 7 

A. Vectors 

B. Application of vectors 

C. Oblique triangles* 

D. < The law of sines 

E . * The 1 aw of cos 1 nes 



III. Graphs of the Tr 1 gonometr 1 c 
Functions 

A. Graphs of Y»A sin x 
and Y-A cos x 

B. Graphs of Y»A sin bx 
and Y«A cos bx 

C. Graphs of Y»A sin (bx+c) and 
Y«csc x 

D. Graphs of Y*ta«i x, Y* r* ^, 
Y«sec x, Y»csc x 

E. Application of the 
trigonometric graphs 

F. Composite trigonometric curves 

IV. Exponents and Radicals 7 
A. Positive Integers as exponents 
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Student Contact Hours 
Class Laboratory 

B. Zero and negative Integers 
as exponents 

C. Fractional exponents 
0. Simplest radical form 

E. Addition and subtraction 
of radicals ... 

F. Multiplication and division 
of radicals 

V. The S-Qpmrator 9 

A. Imaginary and complex numbers 

B. Operations with complex 
numbers 

C. Graphical representation of 
complex numbers 

D. Polar form of a complex number 

E. Exponential form of a 
complex number 

F. Products, quotients* powers 
and roots of complex numbers 

IV. Properties of Trigonometric 4 
Functions 

A. Fundamental trigonometric 
Identities 

B. Sine and cosine of the sum and 
difference of two angles 

C. Double-angle formulas 

D. Half-angle formulas 

E. Trigonometric equations 

VII. The Inverse of Trigonometric 2 
Functions 

A. Inverse trigonometric 
f unct 1 ons * 

B. Principal values 

% VIII. Logarithms 5 

A. Exponential and logarithmic 
functions 

B. Graphs of Y « b and 
Y - log x 

C. Properties of logarithms 

D. Logarithms to the base 10 

E . ^Logarithms to the base e 

F. Solutions of the exponential 
•and logarithmic equations 

IX. Additional Solutions to 6 
Equations and Systems of 
Equat 1 ons 

A. Graphical solution of 
systems of equations 
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B. Algebraic solution of 

systems of equations 
,C. Equations In the 

quadratic form 
D. Equations with radicals 

STUDENT COHPENTENCIES 

At the conclusion if this course, the student will be able 
tox 

. Define the six trigonometric functions. 
. Determine the sign of the function of en angle. 
. Find the value of a given function of an .aggie. 
. Mnd the value of the angle of the Inverse trigonometric 
f unct I on . 

. Convert between systems of angular measurement. 
. Hake trigonometric computations with angles measured In 
radians. 

. Define vector quenftfes end give examples. 
. Graphical I y represent a vector. 

. Graphically add and subtract vectors. 
. Use vectors to solve problems by resolving vectors Into 

rectangular components, 
.' Solve oblique triangles using the laws of sines. 
. Solve oblique triangles using the law of cosines. 
. Graph the trigonometric functions Y ■ A sin x and Y - A 

cos x. 

. Graph the trigonometric functions Y «sln (bx + c) end Y 

■ A cos (bx +C) . * * . 

. Graph the trlgonmetrlc functions Y « A sin bx and Y - A 

cos bx. 

. Determine amplitude, period, and phase of periodic 

(sinusoidal) motion. 
. Graph the trigonometric functions Y ■ tan x, Y « cot x, 

Y ■• sec x, Y » esc x. A 
. Describe various types of motion In terms of the sine 

curve. 

. Graphically combine two or more trigonometric curves. 
. Perform operations Involving algebraic expressions 

containing fractional components. 
. Reduce radicals to simplest form. 

. Perform operations wtlh algebraic expressions containing 

fractional components. 
. Define and describe the complex number system. 
. Perform comp 1 ex numbers graph I ce 1 1 y . 
. Represent complex numbers graphically. 
. Write complex numbers In polar form. 
. Write complex numbers In exponential form. 
. Calculate the product, quotient, powers, and roots of 

complex numbers. 
. Recognize and verify the basic trigonometric Identities. 
.Prove the vallldlty of trigonometric equations by means 

of the trigonometric Identities. 
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. Compute the sine and cosine of the sum and dlfference^of 
two angles/ 

. Compute the value of the sine and cosine of the double 
angle* 

• Compute the value of the sine end cosine of the half 
angle. 

. Recogn 1 ze and def 1 ne 1 nverse tr 1 gonometr 1 c f unct 1 ons . 
. Compute the principal value of a given trigonometric 
function. 

. Recognize and define an equation In exponential form. 
. Recognize* and define an equation In logarithmic form. 
. Graph exponential and logarithmic functions. 
. Perform elgebrelc operations with logarithmic 

expressions using the properties of a logarithm. 
. Write a number as a logarithm to the Base 10. 
. Write a number as a logarithm to the Bese e. 
. Solve exponenettal and logarithmic equations. 
. Graphically solve systems of first and second degree 

equations with two variables. 

\ 

RECOMMENDED TEXTS 

Clar and Hart, Mathematics for the Technologies. Englewood 
Cliffs, NJ* Prentice-Hall. 

Paul ani Shaevel , Essentials of Tec hnical Mathematics with 
Calculus. Englewood Cliffs, NJ* Prentice-Hall. 
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PHYSICS I 



COURSE DESCRIPTION 

A practical approach toward the concepts of force, work, 
rate, and power Is presented In Physics I. Students are 
shown, by classroom demonstration, how these four 'concepts 
are applied to the four energy systems - mechanical, flutdal, 
electrical, and thermal - and then will perform laboratory 
experiments that relate each concept to the four energy 
systems. ^ 

* 

PREREQUISITE! Admission of Program 
CO-REQU ISITEs A 1 gebr a 
CREDIT HOURS s 4-3-5 , 

COURSE OUTLINE Student Contact Hnurt 

Class Laboratory 
I. Introduction 5 5 

A. Identification of energy 
systems 

B. Review of simple 
mathematics 

C. Review of basic concepts 
of physics 

1 1 . Force 10 10 

A. Mechanical systems 

1 . 11 near force 

2. units of mass and force 

3 . force 1 1 ke quant 1 t 1 es 

4 . torque 

B. Fluldal systems 1 

1 . pressure -* 

2. density/pressure relationships 

C. Electrical systems 

1. electromotive force (EMF) 

2. methods of producing an EMF 

D. Thermal systems 

1. temperature difference 

2. temperature scales 

III. Work 1 0 5 

A. Mechanical systems 

1. mechanical work, 
trans 1 at 1 one 1 

2. mechanical work, 
rotat 1 ona 1 

B. Fluldal systems 

1. pressure/ volume 
relationships 
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Student Contact Hours 
C 1 ass Laboratory 

2. energy considerations 
• C. Electrical systems 

1 . charge movement and EHF 

2. conversion factors for 
e 1 ectr 1 ca 1 ' systems 

3 . current 

D. Thermal systems 

1 . heat f 1 ow rate 

2. heat measure 

3. change of state 

IV. Rate ' 10 5 

A. Mechanical system 

1. speed and velocity* 
1 Inear motion 

2. acceleration* linear 

3. rotational motion* 
angular velocity 

4. angular acceleration 

B. Fluldal systems 

1. volume flow rate 

2. mass flow rate 

C. Electrical systems 

1 . current 

2. AC/DC 

D. Thermal systems 

1. heat energy transfer 

2. heat flow rate 

s) 

V. Power 5 5 

A. Power equations 

1 . power defined 

2. basic equation form 

B. Efficiency 

C. Mechanical systems 

1. translations 1 

2. rotational ! 

D. Fluldal systems 

E. Electrical systems 

F. Thermal systems 

STUDENT COMPETENCIES 

. Define the following physical quantities and* where 
applicable* state their units' In both SI (International 
System of Units) and Engl 1sh 4 System of Units: 

Force 

Torque 

Pressure 

Voltage 

Temperature Difference 
. Given two or more mechanical forces acting along the 
same line, determine the resultant force. 
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. Given two of the following quantities In a mechanical 
rotational system determine the thirds 
Force 
Lever ' Arm 
Torque 

. Given two of the following quantities in a fluid system, 
determine the thlrdt 
. Force 
Area 

Pressure 

. Given two of the following quantities In a fluid system, 
determine the thlrdt* 
Pressure 

Height of fluid . 
Weight density 

. Given two or more voltage sources connected In series, 

determine the resultant voltage. 
. Given a temperature In either degrees Celsius or degrees 

Fahrenheit, determine the equivalent temperature on the 

other scale. 

. Oescrlbe how pressure In fluldal systems, voltage In 
electrical systems, and temperature difference in 
thermal systems are slmller to force and torque In 
mechanical systems. 
. Describe the conditions that must be met for equilibrium ' 
In each of the following energy systems: 
Mechanical 
Fluldal 
Electrical 
Therms 1 

. Define work and energy In general terms that apply to 
any energy system, and distinguish work from energy In 
the following systems t 

Mechanical trans 1 at 1 ona 1 

Mechan 1 ca 1 rotat 1 ona 1 

Fluldal > 
Electrical * 
Thermal 

. Define the following units of work and energy 
Foot-Pound 
Ca 1 or I e 

British thermal unit 
Jou 1 e 

. Define the following terms and explain their usefulness 
In determining work dones 

Radian (mechanical system) 
Current (electrical system) 
Specific heat (thermal system) 
Heat capacity (thermal system) 
Given two of the following quantities In a mechanical 
trans 1 at I ona 1 system, determine the third: i 
Force 

Dlsplacemnt 
Work 
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Given two of the following quantities In a mechanical 
rotational system, determine the third: 
Torque 

Angular displacement 
Work 

Given two of the fol lowing quantities In a f luldal 
system* determine the third: 

Pressure dlffernece 

Volume displace 1 ^ 

Work 

Given two of the following quantities In an electrical 
system • determine the third: 
Voltage 

Charge transferred 
Work 

Given the temperature difference across a uniform 
thickness of a substance, the dimensions of the 
substance, and Its thermal conductivity, calculate the 
heat flow rate through the substance. 

Given two of the following quantities In a thermal 
system, determine the third: 

Temperature change of object 

Heat capacity of object 

Work (heat energy transferred) 
Define and give examples of: 

Latent heat 

Sensible heat 

State the general equation for work, and explain how It 
applies to each of the following energy systems: 

Mechanical trans 1 at 1 ona 1 

Mechanclal rota 1 tonal 

FluldaT 

Electrical 

Therma 1 

Define the following rates and, where applicable, 
express their basic units both In SI and English systems 
of units: 

Speed and velocity 

Accel erat Ion 

Angular velocity 
> Angular acceleration 

Volume flow rate 

Mass flow rate 

Electric current 

Heat flow rate 

In a linear mechanical system, given all the quantities 
except one In each of the following groups, determine 
tha unknown quantity: 

Displacements elasped Jme, velocity 

Initial velocity, final velocity, 

elapsed time, ac. "i erat ion 

Mass, force, acceleration 
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In a rotational mechanical system* given all the 
quantities except one In each of the following groups, 
determine the unknown quantity. 

Angular displacement, elapsed time. 

angular velocity / Initial angular 

velocity, final angulai velocity. 

elapsed time, angular acceleration 
In a fluldal system, given all the quantities except one 
In each of the following groups, determine the unknown 
quantity: 

Volume of fluid moved, elapsed time 

volume flow rate / Mass of fluid moved .elapsed 

time, mass flow rate 
Given two of the following quantities In an electrical 
system, determine the thirds 

Charge transferred 

Elapsed time' 

Current " 
Given two of the following quantities In a thermal system. 
Determine the : 

Heat energy transferred 

Elapsed time 

Heat flow rate 

State the general equation for rete. and explain how It 
applies to each of the following energy systems: 

Mechanclal trans 1 at 1 one 1 

Mechanical rotational 

Fluldal 

Electrical 

Therma I 

Define "power" as It applies. In general, to all energy 
systems) and equations that relate work .elapsed time, 
force.' and rate to power In these energy systems t 

Mechanical system \ 

Fluldal system w 

Electrical system 
List for each energy system the SI and English units 
used to define power. 

Given any two of the following quantities In any energy 
system, determine the third: 

Work (or force- 1 Ike quantity x 

displacement - like quantity) 

Elapsed time 

Power 

Given any two of the following quantities In any energy 
system, determine the ; third: 

Force- 1 1 ke quant i ty 

Rate 

Power 

Define the following terms* 
Input power 
Output power 
Efficiency 



RECOMMENDED TEXTS 

Cord, Un 1 f 1 ed Techn I ca 1 Concepts , Waco, Txt Center for 
Occupational Reasearch and Development, 1980. 

Dlerauf, Edward J., Jr., and Court, James E. Unified Concepts 

In Applied Phvslcs. Englewood Cliffs, NJi 

Prent fee-Hall , Inc., 1979. 
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PHYSICS II 



COURSE DESCRIPTION 

The second quarter of Physics builds *on the foundation 
developed In the first quarter by presenting concepts 
of magnetism, resistance, energy, momentum, force 
transformers, and energy converters. The course balances 
theory related to these six concepts with practl-cal hands-on 
experience In working with associated devices In the four 
energy systems (mechanical, fluldal, electrical, and 
therma 1 ) . 

PREREQUISITE: Physics I 
COREQUISITEx Trigonometry 
CREOIT HOURS i 4-3-5 



COURSE OUTLINE 



I . Magnet I sm 

A. Magnetic theory 

B. Magnetic fields and 
flux 

C. Comparison of magnetic 
and electric circuits 



Student Contact Hours 
Class Laboratory 
5 5 



II. Resistance 

A. Mechanical systems 
1 . dry friction 

Z. static and kinetic 
friction 

B . Fluldal systems 

1. fluid resistance In 
pipes 

2 . v I scos I ty 

C. Electrical systems 

1 . Ohm's Law 

2. resistivity of conductors 

D. Thermal systems 

1. thermal resistance 

2. Insulation 
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III. Potential and Kinetic Energy 10 5 

A. Mechanical systems 

1. trans 1 at fonal 

2 . rotat I ona 1 

B. Fluldal systems 

1. volume/mass conversion 

2. Bernoul It's equation 

C. . Electrical systems 

1. charge relationships 
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2. capacitors 
D. Thermal systems 



Student Contact Ho^rs 
Class Laboratory 



I V . Momentum 

A. Linear momentum 

B. Impulse and momentum 
change 

C. Angular momentum 

D. Momentum In flulda) systems 

E. Conservation of momentum 



V. 



F 



VI . 



orce Transformers 

A. Principles of force 
transformers % 

B. Mechanical systems 

1 . the pul 1 ey 

2 . the 1 ever 

3 . the 1 nc 1 1 ned p 1 ace 

4. the screw 

5. the wheel /and the axle 

C. Fluldal systems 

1 . the hydraul 1c 1 1ft 

2. mechanical advantage of 
a hydrau 11c 1 1 ft 

D. Electrical systems - 
electrical transformers 

Energy Converters 

A. General considerations and 
background 

B. Converters of mechanical 
Input energy 

C. Converters of fluldal Input 
energy 

1. mechanical output energy 

2. electrical output energy 

D. Converts * of «uectr1cal 
1 nput en« , 

1. mech&nlcal output energy 

2. thermal nu*put energy 

3. optical output energy 

E. Converters of thermal 
Input energy 

1. mechanical output energy 

2. thermal output energy 

3. optical output energy 

F. Converters of optical Input 
energy 

1. electrical output energy 

2 . therma I output energy 
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STUDENT COMPETENCIES 



the direction and strength of a magnetic 



rate, and 



Determine 
field. 

Examine how the concepts of force, parameter, 
resistance apply to magnetic circuits. 
List and describe different types of magnetic material. 
Calculate magnetic field strength, or magnetic flux of 
an area. 

Explain the effects magnetism has In each of the energy 
systems . 

Describe the effect of magnetic forces exerted, on 
moving charged particles In a magnetic field. 
Compare simple magnetic and electric circuits using the 
unified concepts. 

quantities In a fluid system 



Given two 
determine 



Given two 
determine 



of the fol lowing 
the thlrdi 
Pressure 
Height of fluid 
Weight density 

or more voltage sources connected In series, 
the resultant voltage. 
Given a temperature In either degrees Celsius or degrees 
Fehrenhelt, determine the equivalent temperature on the 
other scale. 

Describe how pressure In flutdal systems, voltage In 
electrical systems, and temperature difference In 
thermal systems are similar, to force and torque In 
mechan 1 ca 1 systems . 

Describe the conditions that must be met for equilibrium 
In each of the fol lowing energy systems i 

Mechanical 

Flutdal 

Electrical 

Therma 1 i 
Define work and energy In general terms that 
any energy system, and distinguish work from 
the following systems: 

Mechan 1 ca 1 trans 1 at 1 ona 1 

Mechan 1 ca 1 rotat 1 ona 1 

Flutdal 

El ectr teal 

Therma 1 * 
Define the following units of work and energy 
Foot -Pound 
Ca 1 or 1 e 

British thermal unit 

Newton-Meter Jou 1 e 
Define the following terms and explain thetr usefulness 
tn determining work done: 

Radian (mechanical system) ' 

Current (electrical system) 



apply to 
energy In 
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^Specific heat (thermal system) 

Heat capacity (thermal system) 
Given two of the following quantifies In a mechanical 
trans 1 at lonal system, determine therthlrds 

Force 

Displacement 
Work 

Given two of the following quantities In a mechanical 
rotational system, determine the third* 
Torque 

Angular displacement 
Work 

Given two of. the following quantities In a fluldal 
system, determine the thirds 
Torque 

Angular dlsplacemnt 
Work ' 

Given two of the following quantities In an electrical 
system, determine the thirds 
Voltage 

Charge transferred 
Work 

Given the temperature difference across a uniform 
thickness of a substance, the dimensions of the 
substance, and Its thermal conductvlty, calculate the 
heat flow rate through the substance. 
Given two of the following quantities In a thermal 
system, determine the thirds 

Temperature change of object 

Heat capacity of object 

Work (heat energy transferred) 
Define and given examples ofs 

Latent heat 

Sensible heat 

State the general equation for work,, and explain how It 
applies to each of the following energy systems; 

Mechanical trans 1 at lonal 

Mechan 1 ca 1 rotat 1 ona 1 

Fluldal » 

E I ectr 1 ca 1 

Thermal 

Define the following rates and • where appl 1 cable, 
express thler basic units both In SI and English 
systems of units* 

Speed and velocity 

Acceleration 

Angular velo/ftty 

Angular acceleration 

Volume flow rate 
* Mass flow rate 

Electric current 

Heat flow rate 
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In a linear mechanical system, given all the quantities 
except one In each of the following groups, determine 
the unknown quantity* 

Displacement, elapsed time, velocity 
.Initial velocity, final velocity, 
elapsed time, acceleration 
Hess, force, acceleration 
In a rotational mechanical system, given all the 
quantities except one In each of the following groups, 
determine the unknown quant 1ty< 

Angluar displacement,., elapsed time, an»j1ar 
velocity/ Initial angular velocity, final 
angular velocity, elapsed time, angular 
acceleration 

In a fluldal system, fjiven 411 the quantities except one 
In each of the following groups, determine the unknown 
quant Ity: 

Volume of fluid moved, elapsed time volume 
flow rate, mass fluid moved, elapsed flow rate 
Given two of the following quantities In an electrical 
system, determine the third: 
Charge transferred 

Elapsed time ' » 

Current 

Given two of the following quantities In a thermal 
system, determine the thirds 

Heat energy transferred 

Elasped time 

Heat flow rate 
Define resistance In a general way, and state the final 
form of the energy expended when a force ■ 1 ke quant 1 ty 
does work to overcome resistance 1n an energy- system. 
Calculate the magnitudes of starting and sliding 
frlctlonal forces, given the mass or weight of the 
object, the coefficients of friction, and the angle of ■ 
tncl ine. 

Given the two of the following quantities In fluldal, 
electrical, and thermal systenu, determine the third: 

Force like quantity 

Rate 

Res 1 stance 

Describe the difference between laminar and turbulent 
flow. 

State the factors contributing to fluid resistance In 
pipes. 

State the factors contributing to thermal resistance of 
objects. 

Describe with the use of graphs the definition of 
resistance as the ration of force like quantity to rate 
In fluldal, electrical, and thermal systems. Include 
the units of forcelike quantity, rate, and resistance 
for each system. 

Spate the fundamental difference between sliding 



friction and resistance as It applies to fluldel, 
electrical .. and thermal systems. 

Define potential energy* kinetic energy* and 
conservation of enrgy by using examples from mechanical 
systems. . « 
Glveh any two of the quantities In the following groups, 
determine the third: 

Mass, velocity, kinetic energy 
Mass, height, potential energy 
Spring constant, spring displacement, '' 
potential energy / Moment of Inertia, angular 
velocity, kinetic energy / Capacitance, voltage, 
potential energy 
Given Bernoulli's equation and the height of liquid In a 
tank, determine the exit velocity at the bottom of the 
tank If ther Is no fluid friction. 

List and describe the three processes that transfer 
therms 1 energy. ^ 

Discuss the conservation of energy as It applies to 
fluldal, electrical, and thermal systems. 
Define the following terms; state the appropriate units 
In the mk/s system (SI) and t cg/s system; and give the 
equation for each: 

Linear momentum 

Angular momentum 

Impulse * 

Angu 1 ar 1 mpu 1 se 

Moment of Inertia 
Given two of the following quantities, determine the 
third: 

Mass of an object 

Velocity of the object 

Momentum of the object 
Given all the following quanltles, determine the third: 

Moment of Inertia of an object 

Angular velocity of the object 

Angular momentum of the object 
Given two of the following quantities except one 
describing a linear col 11 son, determine the unknown 
quantity: 

Mass of first object 

Initial velocity of first object 

Final velocity of first object 

Mass of second object 

Initial velocity of second object 

Final velocity of second object 
Explain the following concepts In a short paragraph 
each* 

Consevat 1 on of 11 near momentum 

Conservation of angular momentum 
Use a given equation to calcuate the force produced on 
one blade of a Reaction turbine, given the velocity of 
fluid and the mass of fluid per unit time striking the 
b 1 ade . 
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. Describe specific force transformers In the mechanical 
- trans let tonal • mechanical rotational • fluldal, and 
electrical systems » and discuss their fundamental 
similarity as transformers of force like quantities. 
. Define the following terms * 

Ideal mechanical advantage 
Actual mechanical advantage 
Efficiency * 
• Calculate the fdeel mechanical advantage of a specific 
pulley, lever, screw, wheel and axle, hydraulic press or 
1 1 f t , and a 1 ectr I ce 1 transformer . 
. Calculate the change In current In* an Ideal electrical 
transformer. 

. Discuss how the role of resistance In a transformer 
dissipates energy Input and reduces efflclence. 
. . Describe the power Input and power output 
character 1 sites of a transformer that operates 
continuously. 

Describe energy converters In general terms that apply 
to all energy-conversion devices. 

Describe the operation of the following energy converters! 
Vane pump 
Turbine 

Electric generator 
Electric motor 
Electric heater 
Internal combust on engine 
Boiler r* 
Solar col lector 
. Given two of the fol lowing quant ties, determine the 
thlrdt 

Input energy 
Output energy 
Efficiency 

. Given the efficiency of all the energy converters used 
In an energy conversion system, determine the overall 
system efficiency. 

RECOMMENDED TEXTS 

Cord, Unified Technical Concepts. Waco u TX» Center for 

Occupational Research and Development, 1980. 

Dlerauf, Edward J., Jr., and Court, James E. Unified 

Concept? In Applied Physics. Englewood Cliffs, NJt 

Prentlce-Hal 1 , Inc., 1979. 
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PHYSICS 111 

COURSE DESCRIPTION 



This third quarter of Physics will pro v Ids ths studsnt 
with practical knowledge of sound scientific principles 
behind devices and components addrssssd In four concepts t 
transducers, energy transfer and storage, vibration and 
waves, and radiation* Practical hands-on experience with 
devices common to many technologies Is offered fn the 
laboratory. 



PREREQUISITES Trigonometry, Physics II 
CREDIT HOURS i 4-3-5 

COURSE OUTLINE Student Contact Hours 

Class Laboratory 
I . Transducers 5 5 

A. Basic concepts 

B. Self excited transducers 

C . Externa 1 1 y exc 1 ted transducers 



II. Energy Transfer and Storage 10 5 

A. - Basic considerations 

1 . therma 1 coo 1 1 ng 

2 . rotat 1 ona 1 

B. Mechanical systems 

1. trans 1 at 1 ona 1 

2. rotational 

C. Fluldal systems 

D. Electrical systems 

E . Therma 1 systems 



III. Vibrations and Waves i . r 15 

A. Oscillating systems 

1. simple harmonic motion 

2. oscillating systems with 
res 1 stance 

3. forced oscl 1 1a£,*bns 

4. resonance 

B. Types of waves 

1 . ' transverse 

2. longitudinal 

C. Wave characteristics 

1 . wave ve V6c 1 tay 

2. the wave equation 

3. superposition 

4. standing waves 

5. Interference 
0. Wave motion as a 

unifying concept 

1. mechanical systems 
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2. fluldal systems 

3. electrical waves 

IV. Radiation 

A. Electromagnetic radfatl 

B. Light 

C. Optical Instruments 

D. Waves and particles 

E. particle radiation 



Student Contact Hours 
Class Laboratory 

10 10 



STUDENT COMPETENCIES 

In a short paragraph, define a transducer. Include a 
distinction between those transducers that require 
external energy sources and those that do not. 
. Describe the operation of the following transducers t 

Strain gage 

Accel erometer 

M 1 crop hone 

Turbine flowmeter 

Barometer 

Meter movement 

Thermocouple 

Therm 1 stor 

Bimetal 1 1c strip 

Photoconduct 1 ve ce 1 1 

Photovo 1 ta 1 c cell 
Define the following terms: 

Steady state 

Trans 1 ent 

Damping 

Time constant 

Half-1 Ife 

Decay constant 

Draw and label a graph showing an exponentially-decaying 
function. Include on the graph the time constants Tl/2 
and Tl/e * = . also write an equation for the function 
shown on the graph. 

Given the Initial temperature of a hot body, the ambient 
temperature of Its surroundings, and the thermal time 
constant of the system, determine the temperature of the 
body after a specified time Interval. 

Given the number of radioactive atoms In a sample and 
the decay constant, determine the number of atoms 
remaining after a spec If led ,t\ me Interval. 
. Given the values of resistance, capacitance, and applied 
voltage In an RC electrical circuit, determine the time 
constant for the circuit, the time required for the 
capacitor voltage to reach 99% of the applied voltage, 
and the circuit current and capacitor voltage after a 
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specified time Interval. 

Explain how the concept of time constants can be applied 
to the following energy systems! give a specific example 
In each caset 

Mechanical trans 1 at 1 one 1 

Mechanical rotational 

Flufdal 

E 1 ectr 1 ca 1 

Therms 1 

Optical 

Nuc 1 ear 

Solve problems Involving simple harmonic motion. 
Describe damping phenomena In oscillating systems with 
resistance, f 

Descr 1 be systems osc 1 1 1 at 1 ng under the t nf 1 uence of 
an energy source. 

Distinguish between longitudinal and transverse waves by 
giving at least two examples of each types and by 
drawing and labeling a sketch of each. 

Define the fol lowing terms associated with waves and 
wave motions 

Propagating medium 

Wave 1 ength 

Frequency 

Period 

D 1 sp 1 acement 

Ampl Itude 

Phase 

Standing wave 
Construct 1 ve 1 nterf erence 
Destructive Interference 
Beats 

Calculate the wavelength of a wave, given Its velocity 
and frequency. 

Interpret the following equation, explaining the 
significance of each symbols 

y ■ A sin 2 ( - ft ). 
Explain the meaning of the expression, "The current 
leads the voltage by a given phase angle " by using 
sine-wave sketches of both current and voltage. 
Describe the superposition principle. 

Describe wave phenomena In each of the following energy 
sytems: 

Mechanical 
Fluldal 
E 1 ectr leal 

Describe In one. or two sentences the basic properties of 
each of the following types of radiations 

Sound 

Light 

Alpha and beta particles 
Define electromagnetic radiation (radiant energy), and 
describe a simple experiment that Illustrates how 
electromagnetic radiation can be created. 
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List the frequencies In the electromagnetic spectrum* 
from wavelength Em waves of AC power (60 hertz) to gamma 
rays (10 hertz) v Including each major part - radio* FM, 
television* radar* microwave* Infrared* visible* 
ultraviolet* X-ray* and gamma ray. 
. Given the equation v + f - relating wave speed* 
wavelength end frequency - determine the radiation 
frequency for any part of the electromagentlc spectrum* 
Given the equation E « hf or E' » h c/e, determine the 
energy of d 1 f f erent waves 1 n Em spectrum.. 
Describe qualitatively the nature of an electromagnetic- 
wave In terms of electric and magnetic fields; state 
what Is always required to generate an EM wave} and 
explain how EM 'waves are propagated through empty space 
without benefit of an elastic, medium. 

Describe a photon* and explain why both wave and 
part lcle-1 Ike (photon) phenomena are required to 
describe Interaction of Em radiation with matter. Give 
examples in which the wave character Is most useful in 
descr 1 b 1 ng Em rad 1 at 1 on and In wh 1 ch the photon 
character Is most useful. 

Explain what Is meant by the Inverse square law and how 
this law Is used to describe the fa 11 -off of EM 
radiation propagating from a small source. / 
Define polarization* and explain what' Is meant by 
polarized Em radiation - In particular polarized light. 
Define visible radiation* and determine It's limits 
numerically In terms of wavelength, frequency* and 
energy. 

Describe the reflection and refract f on of EM radiation.. - 
especially itght - and set up an experiment to verify 
the two laws. 

Differentiate between alpha and beta rad 1 at* on and gamma 
rad 1 at 1 on . 

Briefly explain each of the three parts In the symbol 
Given the appropriate equipment* Illustrate and verify 
the Inverse square law of EM radiation In the visible 
region. 

Given the appropriate equipment* produce and detect 
polarized light In the microwave region. 

RECOMMENDED TEXTS 

CORD, Un 1 f 1 ed Techn 1 ca 1 Concepts . Waco TXs Center for 
Occupational Research and Development, 1980. 

» 

Dlerauf, Edward J., Jr. and Court, James E. Unified Concepts 
In Applied Physics. Em 1 ewood Cliffs, NJ: Prentice-Hall, 
Itic ,. 1979. 
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TECHNICAL COURSES 
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A-C CIRCUITS 



COURSE DESCRIPTION 

This course provides the student with the knowledge and 
skills to analyze basic A-C circuits. The course Includes 
the following me In tcplcst Magnetism, Inductance, 
Alternating current. Reactance, Impedance, and Adnlttance. 

PREREQUSI ITEi DC Circuits, Algebra' 

CO-REQUISITE i Trigonometry, Phustcs I 

CREOIT HOURS i 4-3-5 



COURSE OUTLINE 



Magnet 1 sm 



A. Magnetization curves 

B. PeVmablllty from the BH curve 

C. Hysteresis 

D. Eddy current 

E. Magnetic shielding 
Magnetic circuits 



Student Contact Hour« 
C 1 ass Laboratory 

5 3 



law 



II. I nductance 

A. Faraday's 

B . Lenz ' s 1 aw 

C. Counter emf 

D. Time constant 



III. Alternating Current 
A. The sine wave 
B Peak values 

C. Instantaneous values of 
voltage amd current 

D. The radian 

E. Rms Values 

F. Average /a lues 



IV. Reactance 

A. Inductive reactance 

B. CapacltWe reactance 

C. Vector Jlgebra 



Impedance 

A. RLC series circuits 

B. RLC parallel circuits 

C. Admittance 

D. Conductance and susceptance 

E. Power factor 
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VI. Impedance networks 
A. Loop equations 

STUOENT LABORATORIES 



Student Contact Hours 
C 1 ass Laboratory 

3 3 



Analyze magnetic circuits. 
. Operation of an oscilloscope. 

Determine the peak value • RMS value* and peak-to-peak 

va 1 ue of. a s 1 newave us 1 ng an osc 1 1 1 oscope . 
• Plot the response curve of a series RL and RC network. 

Plot the response curve of a parallel RC and RL network. 

Analyze A-C circuits using the Thevlnln theorem. 
. Determine the total current In a series RC, RL and RLC 

circuit. 

Determine real and apparent power In a serlfes RLC circuit 
Use loop equations to solve Impedance networks. 

STUDENT COMPETENCIES 

At the conclusion of this course* the student will be *>!e 
to: 

Operate an oscilloscope. 

Determine peak value* Instantaneous value* average value* 
and RMS value of a sine wave. 

Measure voltage and current In a series RLC circuit and 
parallel RLC circuit. 

Determine the total Impedance and admittance of a series 
and parallel RLC circuit. 

Use loop equation to solve Impedance networks. 
RECOMMENDED TEXTS 



Boylestad, Robert D. Introductory Circuit Analysis. Fourth 
Edition, Indianapolis, In: Bobbs Merrill, 1981. 

Jackson, Herbert W., Introductory to Electric Circuits. Fifth 
Edition, Englewood Cliffs, NJ: Prent 1 ce-Ha 1 1 , Inc., 
1981. 
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AC AND DC MACHINES AND APPARATUS 1 . 
COURSE DESCRIPTION 

AC and DC motors and generators wf 11 be covered from 
their construction and parts to their operating 
characteristics. Theory of operation, types, efficiency and 
regulation will be considered as well as their general 
application. Machines will be run under various toads noting 
ef f 1 c 1 ency and power factor . 



CREDIT HOURS % 4-3-5 

COURSE OUTLINE Student 'Contact Noun 

C 1 ass Laboratory 
i. Direct-Current Generators 8 6 

A. Generator construction, 
magnetic and electric 
cl rcult 

B. Simple DC generator- 
conmutator action 

C Methods of fleid excitation, 
magnetization curve and 
commutat 1 on 

D. Series generatoi — compound 
generator 

E. Efficiency and characteristics 



II. DC Motors and Controls 8 6 

A. Motor principles and torque 
deve 1 opment 

B. Generator action and power 
relationships In a motor 

C. Armature reaction and speed' 
of a DC motor 

D. ControMers, starters, and 
starting requirements 

E. « Ward Leonard system of speed 

control 

III. AC Generators 8 6 

A. Construction, excitation, 
and regulation 

B. Winding types 

C. Phasor diagrams and 
efficiency 

D. Operation of generators in 
para 1 1 e 1 synchron 1 z 1 ng 

E. Ratings - losses and 
efficiency, NEC - 445 
overcurrent protection 
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Student Contact Hqurs 
Class Laboratory 
IV. Poly Phase Induction Motors 8 6 

A. Induction motor principles 
and rotating magnetic devices 

B. Rotor and Its construction* 
stator and Its construction 

C. Principle of operation - 
speed and slip 

D. » Torque and starting conditions { 

E. Squirrel cage - wour.d rotor 
and synchronous 

F . Starting methods - llnesterters 

G. Losses v efficiency and ratings 

V. Synchronous Motors 

A. Constrt<< Ion - operation 
and star* Ing 

B. Excitation and power factor 

C. Efficiency and ratings 
0. Applications and self- 
synchronous apparatus 

STUDENT LABORATORIES 

Analyze torque versus speed characteristics and calculate 
efficiency for a DC shunt motor. 

Analyze torque versus speed characteristics ana calculate 

efficiency for a DC compound motor. 
. Using separately and self-excited DC shunt generators, 

study the properties under load -'and no load conditions. 

Obtain armature voltage versus armature current load curves. 
. Using squirrel cage Induction motor, assemble and 

disassemble, operate under various load conditions. 

Calculate starting current using name-plate and National 

Elect- 1c Code, article 430-7 (b*T. 

Uslr the wound rotor motor examine construction and 
sta ing characteristics varying the secondary resistance. 
Using the synchronous motor examine construction. 
Investigate exciting current, synchronous speed and slip 
In three phases motors. 
. Using the three-phase alternator, obtain no-load 
saturation curve and short circuit characteristics. Learn 
how to synchronize an alternator to the electric power 
utility system and observe the effects of Improper phase 
sequence. 

Use the megger meters for Insu'atlon testing of motors 
and generators. 

Use the Industrial analyzer for power-factor, wattage, and 
reactive power (Vara) for measurement. 

Idf tlfy all nine leads on a dual-voitage squirrel cage 
motor, connect to three phase power and run machine. 
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SfTUDENT COMPETENCIES 

* 

Identify the types of AC and DC motors. 

Explain the difference In construction and understand the 
starting and control requirements of the different types. 
Take load readings under varying conditions and draw 
characteristic curves, calculating! torque vs. speed . 
speed vs. load, efficiency power factor. 
. Utilize the NEC article 430 to determine the proper 
running and short-circuit protection required for AC and 
OC motors. 

• Calculate the Inrush currept (accelerating ) based on the 
Code letter on the motor nameplate of AC and DC motors. 

. Determine circuit requirements based on horse power and 
voltage arte distance between motor and starter. 
Explain required grounding and ground-fault protection. 
Utilize meters, analyzers, meggers, tachometers, etc., to 
analyze under test the characteristics of motors and plot 
curves demonstrating various load conditions. 

. Explain and measure synchronous speed, slip and factors 

• that control speed. 

. Measure slip between no load and full load conditions. 

• Explain pull-in and pull-out torque as applied to 
synchronous motors and field excitation requirements for 
synchronous motors. 

. Explain how synchronous machines are used for power-factor 
correction Including the effects of load and field 
exaltation on power-factors 

• RECOMMENDED TEXTS 

Kosc i<f Irving L., Control of Electric Machines. 
Prent Ice-Hal 1 . . 

4 

Lab-Volt Instruction Manuals for System 80550-00. 

Lister, Eugene C, Electric Circuits and Machines. 
Prentice-Hal 1 . 

Mclnt./re, El-ectrlc Motor Control Fundamenta ls. McGraw-Hill. 
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. AC AND DC. MACHINES II 
COURSE DESCRIPTION 

Students will mpp\y control theory to both DC and AC 
machinery. Learn the general construction and parts of AC and 
DC machines and their operating characteristics. Also circuit 
switching and protective equipment and measuring equipment. 

PREREQUISITES AC and DC Machines I 

CREDIT HOURS i 4-3-5 

COURSE CONTENT Student C^frt Hour. 

Class Laboratory 

I. Single-Phase Motors 6 4 

A. AC series motor 

B. Repulsion motor 

C. Induction motor principle 

D. Split-phase starting 

E. Resistance-start split-phase 

F. Capacitor-start motor 

G. Repulsion start Induction motor 

H. Shaded-pole motor 

I . Synchronous 

II. Variable Speed Controls 6 4 

A. Variable frequency 

B. Rectifier circuit 

C. Trigger circuit 
* D. Control circuit 

L. Torque and slip controls 
F. Trouble shooting procedure 

III. Variable: DC Drives Using Sol Id 8 4 
State Logic 

A. Speed ccntrol of a DC shunt 
motor 

B. Reversing a DC shunt motor 

C. Demonstrating C.EM.F. 

D. Speed regulation of a DC 
shunt motor 

E. Solid-state devices controlling 
DC motors 

F. DIAC-SCR variable speed drive 

G. DIAC-TRIAC variable speed drive 

IV. Circuit-Protective and Switching 7 4 
Equipment 

A. Electrical distribution systems 
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Student Contact Hours 
Class Laboratory 

B. Low-voltage fuses 

C. Safety switches 

D. Low-voltage air circuit breakers 

E. Panel boards 

F. Load-center unit substations 

G. Protective relays 

H. Ll.ghtnlng arresters 

V. Electrical Instruments and 6 4 

Electrical Measurements 

A. Galvanometers* voltmeters* 
ammeters 

B. Varmeter 

C. Power factor meter 

D. Phase-angle meters 

E. Megger* Ohmmeter, wheat stone bridge 

VI. Inverter Drive AC 6 4 

A. Static set-up mode 

B. BCD/a I nary Interface 

C. Voltage boost 

0. Slip compensation 

* 

VII. Solld-State DC Control 4 3 

A. Magnetic amplifier speed 
control 1 er 

B. Switching amplifier field 
current control ler 

C. Plugging and synamlc braking 

D. SCR armature voltage controller 

E. Open- loop speed control 

F. Null detector 



STUDENT LABORATORIES 

. Hook-up a speed control to a DC shunt motor with magnetic 
amplifier speed control. 
Reverse a DC shunt motor. 

Demonstrate counter electromotive force using DC meters. 

Demonstrate dynamic braking and plugging. 

Use solid-state devices to control DC motors. 
. . Hook-up DIAC-SCR variable speed drive. 
. Hook-up DIAC-TRIAC variable speed drive. ' 
. Demonstrate switching amplifier field current controller. 

Demonstrate SCR armature voltage controller. 

Connect rectifier circuit. 

Connect trigger circuit. 

Connect control circuit. 

Connect torque and 3 lope controls. 
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. Demonstrate trouble shooting of rectifier, braking and 
amplification.^ 

STUDENT COMPETENCIES 

. Apply the fundamentals of both DC and AC principles In fchs 

operation of electric machinery. 
. Demonstrate proper safety rules when using electrical 

equipment. 

Demonstrate the operation of a magnetic amplifier to 

calculate current and power. 
. Verify the principles of a switching amplifier and* the 

application of plugging and braking of DC shunt motors. 
. Vertlfy the principles of an SCR armature control circuit. 

Demonstrate the methods of reversing a DC motor. 
. Demonstrate how counter electromotive force 1s produced. 
. Measure t£e power, 1n watts, • dissipated 1n a DC ahunt 

motor . 

. Test solid-state devices while out of the circuit using an 
ohmmeter . 

. Demonstrate how a DIAC 1s triggered! also how a DIAC 
triggers e SCR. 

. Demonstrate how a DIAC triggers a TRIAC and In so doing 
controls the speed of a DC shunt motor. 

RECOMMENDED TEXTS 

Lab-Volt Manuals fo r System 80550-00. 

m ^ Ste []:,, EUflenC C " Eigfiitlfi Circuits a nd Machines. 

McGmw-H! 11. 

Mclntyre, Electric Motor Con trol Fundamentals. McGraw-Hill. 
Wlldl, Electrical Power Technology. Wiley, 



4 



93 .91 



AUTOMATIC MOTOR CONTROLS I 

COURSE .DESCRIPTION 

Principles of motor controls from fractional horse power 
to large magnetic starters will be covered Including starting 
poly phase Induction, synchronous, wound rotor* and direct 
current motors. The use of control pljot devices, symbols for 
wiring diagrams, will be applied to control circuits from 
control of manual and automatic controls of motor controls. 

e 

PREREQUISITES None 



CREDIT HOURS t 4-3-5 



COURSE OUTLINE Student Contact Hours 

„ Class Laboratory 
I. Introduction and Control 14 10 

PI lot Devices 

A. Fractional horse power manual 
and magnetic starters 

B. Pilot devices and symbols 

C. Wiring and schematic diagrams 

II. Basic Control Circuits and AC 14 10 

Reduced Voltege Starters 

A. Two and three wire controls 

B. loiter 1 ock 1 ng and sequence 
gontrol methods 

C. weeTstor, autotranaformer 

and partwlndlng motor starter/4 

D. Star-delta motor starters / 

III. Three Phase Induction, Wound 12 10 

Rotor and Synchronous Motor 
Contro 1 s 

A . Two-speed , two-w 1 nd 1 ng and 

. consequent pole controllers 

B. Wound rotor (slip ring) manual 
and automatic acceleration 
controls 

C. Synchronous push botton, semi- 
automatic and polarized field 
frequency controls 

STUDENT LABORATORIES , 



Connect a switch to operate 
control ) . 

Connect a pushbutton station 
(three-wire control). 
Connect a mechanically held 
load. 



a relay and motor (two-wire 
to operate a relay and motor 
relay to control a lightning 




Connect a selector switch (hands-on automatic) and 
pressure switch. (substitute toggle switch to operate a 
relay and load) 

Connect a motor starter with a start-stop and jog 
pushbutton control station. 
. Connect a start-stop and Jog control circuit using a 
control relay. 

Connect a start-stop Jogging circuit using a two-posMtlon 
selector switch. 

Connect two forward and two reverse control stations with 
pushbutton and auxiliary contact Interlock. 
Connect drum switch to reverse motor. 

Connect a two-speed control circuit using a compelling 
relay to start In slow speed. 

Dismantle a three ptiase 1 Inestarter Identifying all parts 
and estate purpose of each and reassemble. 

STUDENT COMPETENCIES 

Relate the purpose and general operation of motor starters 
for AC and DC machines. 

Connect single and three phase motors to 1 Inestarters 
using standard two and three wire control circuits. 
Interpret control schemes of starters using schematic and 
wiring diagrams to troubleshoot problems. Actually locate 
faults and repair the faults' In control circuits. 
Explain the use of pilot devices for control of 
acceleration and braking of motors and apply same on 
actual starters. 

Explain operation of manual and automatic control of wound 
rotor and synchronous motors. 

Demonstrate the operation and troubleshooting of a control 
circuit with forward-reversing, Jogging, pushbutton and 
auxllary Interlocking. 

Identify parts of 1 Inestarters and stating the purpose of 
each part and how each functions In the operation of 
starting motors whether full voltnge or a reduced voltage 
method . 



RECOMMENDED TEXTS 

w. Alerich, Electric Motor Control, Van Nestrand Publishers. 

W. Alerich, Electric Motor Control Lab Manual. Van Nestrand 
Publ I shers . • 

t 

K. Rexford, Electrical Controls for Machines. Del mar 
Mclntyre, Electric Motor Control Fundamentals, McGraw-Hill. 

NFPA, National Electrical Code Current Edition. 
National Fire Protection Association, Boston. MA 
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AUTOMATIC MOTOR CONTROLS II 
COURSE DESCRIPTION? 

Principles of motor controls from fractional horse 

B£BSCi-J; 0 ~ J ar 8£ magnetic, status will be covered Including 
Starting ploy phase Induction, synchronous and direct current 

motors. Control pilot devices and symbols for wiring and 

schematic diagrams for constructing basic three phase and 

control circuits for operation analysis and trouble shooting 

problems. 

PREREQUISITES: Automatic Motor Controls I 

i 

CREDIT HOURS? 4-3-5 



COURSE OUTLINE 



Direct Current Controllers 

A. Control relays 

B. Across-the-l Ine starting 

C. Use of series starting 
res 1 stance 

D. Manual faceplate starters 

E. Counter EMF controller 

F. Magnetic time limit controller 

G. Voltage drop acceleration 

H. Series relay acceleration 

I. Series lockout relay 
acceleration 

J. Dashpot motor control 
K. Pilot motor-driven timer 

control 1 er 
L. Capacitor timing starter 



Student Contact Hours 
C 1 ass Laboratory 
14 '0 



II. Methods of Deceleration 

A. Jogging control circuits 

B. Plugging 

C. Electric brakes 

D. Synamic braking 

E. ELectric braking 



14 
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III. Motor Dr 1 ves 

A. Direct drives and pulley 
drives 

B. Gear motors 

C. Variable frequency 

D. Magnetic clutch and magnetic 
drive 

E. DC variable speed control - 
motor drives 

F. NEC 250,810,430 



12 
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STUpENT LABORATORIES 



Connect full voltage starter for a shunt motor. 
Connect full voltage reversing starter for a shunt motor. 
Connect f u I 1 vc 1 tage revers 1 ng starter for a compound 
motor . 

Connect reduced voltage starter for a shunt motor wtth 

series cureent relay acceleration. 
. Connect reduced voltage starter for a shunt motor wtth 

counter electric motor force accelerating relay. 
. Connect reduced voltage starter for a shunt motor with 

definite time acceleration. 
. Connect reduced voltage smarter for a shunt motor wi'frtf 

series current-relay acce1er«don. 

Connect ful 1 voltage starter for a shunt motor with 

overload 1 protect ion. 
. Connect reduced voltage reversing starter for a shunt 

motor with definite-time acceleration. 
. Connect f uj 1 voltage starter for a shunt motor with field 

failure protection. 
. Connect full voltage start for a shunt motor with dynamic 

braking. 

. Connect full voltage starter for a shunt motor with field 
accelerating relay. 

Connect two step reduced voltage starter for a shunt motor 
with definite-time accelerating, dynamic braking, field 
accelerating relays, overload and field ' failure 
protection. 

STUDENT COMPETENCIES 

* 

Explain the general operation of motor starters for AC and 
OC machines. 

Interpret control schematic and wiring diagrams to trouble 
shoot problems. 

Explain the use of pilot devices for control of 
accelerating and braking of motors. 

Explain operation of manual and automatic control of wound 
rotor and synchronous motors. 

Observe the no-load and ful 1 -load characteristics of a 
rotary frequency converter. * 

Describe the operation of an open- loop electronic speed 
control for a DC motor. * 

Obtain the starting characteristics of the three phase 
synchronous motor. 

Determine the full-load characteristics of the synchronous 
motor . 

Explain the construction of the three-phase squirrel cage 
motor . 

txplaln the construction of the thres-phase squirrel cage 
motor . 

Determine the starting, no-load, and ^ull-load 
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characteristics of a squirrel cage motor. 
. Determine the starting, no-load, full -load characteristics 
of a wound rotor motor, also synchronous speed and slip. 

RECOMMENDED TEXTS r \ ' 

♦ . /. 

W. Alerlch, Electric Notor Control 

W. Alerlch, Electric Motor Control Lab Manual. 

K. Rexford, Electrical Controls for Machines, Del mar 

Mclntrye, Electric Motor Control Fundamentals. McGraw-Hill 

. 7 ' 
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COURSC DESCR4PT10N 



CIRCUIT ANALYSIS 



This course provides th* student with the know 1 edge\ and 
sklUe to analyze complex circuits. The course Includes the 
following main topics: analysis of complex circuits. Resonant 
circuits, transformer action and three-phase systems.' 

* t 

PREREQUISITE: AC Circuits, Trigonometry . 
CO-REQUJSITE-: .Analytic Geometry and Calculus* 



CREDIT. HOUjRSt 4-3-5 



COURSE 



OUTLINE 



I. Analysis of Complex Networks 

A. - Superposition theorem 

B. Thevenln's theorem 

C. Norton's theorem 

D. Noda.Panalysl s • 

E. Impedance bridges 

F. Delta-wye transformation 
complex networks 

G. Transients 



Student Contact Hours 
Class, Laboratory 
15 6 



of 



1 I . Resonance \ 

A. Series resdhant ctrcjjlts 

B. Parallel resonant circuits 

C. L/C ratios 

D. Resonant response curves- 

E. Q rise In voltage and current 
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III. Transformers^ 

A. Iron-core transformers 

B. *1i — core transformers 

C. Tranfcrmat Ion ratio • 
* D. Reflected Impedance 

E . Load 1 ng ~ « 

F. Efficiency 

IV. Three-Phase Systems 

A. Polyphase systems 

B. Double-subscript notation 

C. Balanced. three-phase systems 

D. Unbalanced three-phase systems 

E. Delta-connected system 

F. 4-wlre wye-connected system 
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STUDENT LABORATORIES 

. '^Analyze complex Impedancje networks using the dlrcu It 
theorems, * , 

Measure the change In primary current as the secondary 
load Ifj varied. 

* * 

Construct a response curve for a series resonant 
circuit. 

Construct a response curve for a parallel resonant 
circuit. ' 

Measure the total current through a series resonant 
circuit. 

. Analyze a delta to wye transformer action. 
STUDENT COMPETENCIES * 

» 

At the conclusion of this course, the student will be 
able to: 

Analyze complex networks using the circuit theorems! 
Analyze delta-wye transformation of complex networks. 
Determine the' difference between at r-core" and Ironrcore 
transformers and where each might be used. f 
Analyze transformer action. ' * 

Determine reflected Impedance values. 
Determine transformation ratio. 

Analyze resonant circuits. < 
Analyze, 3-phase systems-. 

SUGGESTED TEXTS 

Boylestad, Robert D., Introductory Circuit Analysis . Fourth 
Edition, Indianapolis, IN: Bobbs Merr ill, 1981. 

o < 

Jackson, Herbert W. , 1 ntroduct I on toll ectr I c CI rcu its . Fifth 
Edition, Englewooo; Cliffs, N J: Prentice-Hall, Inc., 1981. 
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CONTROL SYSTEM ANALYSIS • 

COURSE DESCRIPTION 

Th1s> course Is designed to provide the student with 
Indepth knowledge and skills relating to process control 
loops. The student, will acquire hands-on experience through 
the practical lab experiments. 

•» * . 

PREREQUISITE: Instrumentation and Controls v 

CREDIT HOURS: 4«3r-5 



COURSE OUTL | NE Student Contact Hnur, 

Class Laboratory 
I. What Constitutes a Process 2 o 

A. Introduction . ' 
. B. Review of types of controller 

action 

'C. Types of responses which must 
be control led 

1 1 . Process Characteristics - Static 2 0 
Conditions m \ 
' > The basic problem 

B. Principles of energy transfer 

C. .Resistor elements-thermal, fluid 

D. Capacitor elements - thermal, * . 
fluid 

III.' B I ock D 1 agrams 4 0 

A. Different types of block 
u diagrams \ 

B % Difference between schematic 
and block diagrams 

C. Flow of Information around x 
1 oop 

D. System representation. 
Introduction of their signals 

E. Feedback loops, positive and " 
negative * ^ 

IV. Feedback System-Open anc) Closed 4 Q 
Loop 

* A. Block diagrams for open loop 

B. Resistance and proportional 

blocks « * x 

C. Capacitance and the block 
d.lagram 

D. Steady-state solution to 
flow level problems 

E. Block diagram for closed loop 
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' 4 ■ r Student C ontact Hours . 

Class /^^aborffltory 
\ V. Flow Control System-Pneumatic v 4 6 

f and/or Electronic 

A; Determine Instruments needed 
' « . for 4 system * . \ 

B. Draw system ... 
v > C. Connect system ' X 
D. Write report on system operation 

VI. Lev,p1 Control System-Pneumatic 4 • . 6 * 

. a*nd/or Electronic , 

A. Determine Instruments needed 
for' system 

B. . Draw system. . . - ' '* 
> C. Connect systnm '* . ♦ 

D* Write report on system operation 

" \ . ' • 

VII. Temperature Control System ( s 
Pneumatic and/or Electronic 

A. Determine Instruments needed 4 6' 
for system 

B. Draw system <. 

C. Connect system v 

D. Write report on sytem operation * * 

VIII. ) Pressure .Control System 

A. Determine Instruments needed- 4 
for system 

' B. Draw system, . » / 

C. Connect system 
\ >D. Write report on system v operat Ion 

IX. Specific Gravity System 4 
v (Non-Contro1 1 Ing) 

A. Determine Instruments needed 
for systems ' 

B. Draw system 

C. Connect system 

D. Write report on system operation 
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Combustion Controls 8 

A. * Bol 1 erj feedwater controls 

B. Flame detector « ^~ 

C. Fuel-air ratio 

D. Bol 1 er gases 

E. Master control 

F. Interlocking 

G. Lead- lag (boiler load change) 
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STUDENT LABORATORIES 



Flow loop instruments 

a. troub 1 eshoot % 

b. repair 

•c. pa*1 lb note s 
. Level loop Instruments 

a. troub 1 eshoot 

b. repair 

c. cal ibrate ' 
. Temperature loop Instruments .• 

a* troub 1 eshoot 

b. repair . * 

c. calibrate 
. Pressure loop Instruments, 

,a. troub 1 es. hoot 
♦ b. repair 
c . ca 1 Ibrtate N 
. Specific gravity loop Instruments 

a. troub 1 eshoot 

b. repair * 

c. calibrate , I • 

STUDENT COMPETENCIES <^ 

Define process. * 
. Explain principles of energy transfer. v 
. \ Explain difference between schematic and block diagrams. 
. Determine Instruments needed for flow contrdl loop. 
. Repair and calibrate Instruments needed for flow control 

loop. , y 

*. Determine Instruments needed for level <?ontro1 loop. 

. Repair and calibrate instruments needed for level controT 

lOOp. . * 

. Determine Instruments needed for temperature control loop. 
. Repair and calibrate Instruments- needed for temperature 
, control loop. * v 

Determine Instruments needed for pressure control loop. 
. Repair and • cal Ibrate Instruments needed for pressure 
control loop. 

. Determine 1 nsti*uements needed for- specific gravity control 
loop. 

•. Repair and calibrate Instruments needed * for specific' 
, gravity control loop. m - - •' 



.RECOMMENDED TEXTS * 

Industrial instr umentation. McGraw^i 1 1 . {^62 v 
Fundamental s, Austin E. Fribance ^ 
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D-C CIRCUITS 



COURSE DESCRIPTION 



This course provides the student with the knowledge end 
skills to analyze basic D-C 'circuits. The course Includes 
the. following majn toplcsi Scientific notation and unit, 
conversions. Insulators, Conductors, * Sources, Resistance, 
Work end power. Series end parallel circuits. Series-parallel 

" * / ■ • 



circuits," and Equivalent circuits. 
PREREQU I S I TE t Adm I ss I on to program . 
CO-REQUISITE» ^Algebra 

« 

CREDIT HOURS t 4-3-5 

COURSE OUTLINE ^ ' 



V 



Studant Contact Hour. 
Class Laboratory 



I. Introduction to Engineering 4 6 

Techno 1 ogy 
• • A. SI units 

B. „ Scientific Notation 

C. Un L£ Conversions 

( *■» 

II. Introduction to Electricity 
u A. Insulators 

B. Conductors - * 

C. Sources 

D. Resistance 

E. Work and power 



III. Series and parallel circuits 8 

A. Series circuits 

B. Parallel circuits- * / 

C. Series-parallel circuits * 

IV. D-'C Circuit Theorems 15 

A. Thevenln's theorem 

B. Norton's theorem • 

C. Superposition theorem 

D. - Mil (men's theorem 

E. Delta-wye. transformations 

F. Nodal analysis 

G. Mesh analysis 

V . Capac I tance • 4 

A. Capacitance reactance 

B. Charging and discharging, 

C. Time constants 
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STUDENT LABORATORIES ^ 

Introduce the student to Engineering Technology. 
, Introduction to Instruments* measurement procedures, 4 - and 
saftey precaution's. ' 1 % 

*. Measure D-C voltage, curpertt and resistance 
In, series circuits. • 
. Measure D-C vbltage, current/ and resistance In 

parallel circuits/ ' — ^ . > 

. . Measure p-C. voltage', current, and resistance Jn 
v series-parallel circuits. % 
. Design a basMc voltmeter and current meter. 
*. Analyze ser 1 es^para ) 1 e 1 circuits using circuit theorems. 
. ^Determine capacitance values by use of discharge times. 

STUDENT COMPETE NC ICS ✓ . • 

* 

Atu the conclusion of this course, the student will be -able 
tot / , 

. Convert from one unit of -measurement to another. \^ 
. .Express decimal numbers In scientific notation. 
. Use SI units U • 

. Determine resistor values from' their color code. 

• Convert mechanical power to electrical power. 
. Use a digital and analog VOM. 

. Measure the current > and voltage In a' D-C series .and 
parallel circuit. ' ^ 

Use D-C circuit theorems to determine the total resistance 
.current and voltage In res 1 stance . networks . I 

• Plot the charging curve of a capacitor. ^ 

RECOMMENDED TEXT 

Boylestad, Robert D. Introductory Circuit Analysis, fourth 
Edition, Indianapolis, IN* Bobbs Merrl 1 1 , 1981. 

Jackson, Herbert W. , Introduction to Electric Circuits . Fifth 
Editions, Engl^ood CMffs, NJ: Prentice-Hall, Inc, 1981, 



> 
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DIGITAL APPLICATIONS 



COORSE DESCRIPTION * 

This course Is designed to Intro*, ce the student to the 
microprocessor. Emphasis Is planed on the microprocessor's 
hardware. • . 

* » 

PREREQUISITE: D I gltal Electronics ' 
CO-REQUISITE j -Linear Integrated Circuits 
CREDIT HOURS «^ 4-3-5 
COURSE OUTLINE 

I. 



Student Contact Hour ? 



II 



in 



IV. 



Computer Arithmetic 

A. Algorithms 

B. Addition and subtraction 
Half and full* adder 
Ones complement and twos 
complement addition / 
subtraction 
BCD " _ 

Ma If and full substracters 
The ALU 

Memory Systems 

A. Core memory N 
Semi-conductor RAM 
The register concept 
RAM specifications 
Static RAM 



Class 
8 



Laboratory 
6 



C. 
D. 



E'. 
F. 
G. 



B. 
C. 
D.. 
E. 
F. 
G. 
H. 



Dynamic MOS memory 
ROMS « • 1 

Shift register memory 



I nterf ac 1 ng 

A. " Bidirectional bus drivers 

B. ' Data communications line 

drivers and receivers 

C. Baud rate 

D. Level translators 

E. Sej»1aKand paral lei 

Hardware 

A. The bus system 

B. Input and output ports 

C. - Memory hierarchy 



12 
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• * • Student Contact 'Hours 

j Class Laboratory 

D. Prlme^memory 

E. . Secondary and backup memory * 

F. The CPU 

* • * » 

V. Processing Action. 7 5 

A. . Introduction to programming 

and program processing 

B. • Timing and multiplexing 



♦ ( 



VI. Software • 7 

A. -Data-transfer group 

B. Arithmetic group 

C. Logical group 

D. Assembly- language* programming 

E. The- conditional jump 
' ' F. Interrupts* 

% . 
STUDENT LABORATORIES * 

Using integrated clrcultSf design a futf adder. 
Construct a 4- bit para 11 el -In serial -out shift-right 
register antl analyze Its* operation. ^ 

Construct a 4* 1 b1t x serlal-ln paraHel-out 
shift-right-register and analyze Its ) operation. , 
Using Integrated circuits design, a pulse stretcher.' 
Construct a dig] tal -to-anal og converter using the binary 
we 1 ghted 1 adder method . 

Construct an ana1og-to-d*1g1ta1 converter. 
Construct a RAM circuit. and analyze Its operation. 
Given a microcomputer, determine Its RAM Memroy size, type 
of addressing used, number of I/O ports, v and clock speed. 
Design an assembly- language program to add ten numbers and 
using the mnemonics, execute the program pn the 
microcomputer. 
. Design a program to employ Interrupts. 

STUDENT COMPETENCIES 

At the conclusion of this cogrse, the student should be able 
tot i r 



Describe the operation of a half and fuH adder. 
Analyze the operation of a shift register. 
Describe an ana 1 og-to-d 1 g 1 ta 1 converter. 
Analyze RAM operation. 

Interpret ^microcomputer specif leal t Ions. 

Write programs using mnemonics and assembly language. 



L 
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Digital applications 



COURSE DESCRIPTION 

This course Is designed to Introduce the student to the 
microprocessor. Emphasis .Is placed on the microprocessor's 
hardware. 

PREREQUISITE: Digital Electronics 
CO-REQUISITE: Linear Integrated Circuits 
CREDIT HOURS: 4-3-5 
COURSE OUTLINE . * 




Student Contact Hour. 



I. ✓Computer Arithmetic 
M. Algorithms 

B. Addition and subtraction 

C. Half ahd full adder 

0. Ones complement and twos 
complanent addition* / 
* ' subtraction 

• * E. • BCD 

F. Half and "full- substracters 

G. The ALU 



Class 
8 



Laboratory 
6 



II. Memory Systems 

A. Core memory 

B. Semi-conductor RAM 

C. The register concept 
D-. RAM specifications 

- E. . Static RAM 

' P. Dynami c MOS memory ' 

G. ROMS 

H. Shift register memory 

III. I nterf ac I qg 

A. Bidirectional bus drivers 

B. Data communications 1 1ne • 
drivers and receivers 

C. Baud rate 

D. Level translators 

E. Serial and parallel 

V 

I V . Hardware 

A. The bus system 

B. Input ana output ports 

C. Memory hierarchy 



12 



/ 



12 



8 




' . • . Student C ontact Houra 

A „ . . Class Laboratory. 

D. Prime 'memory 

E. Secondary and backup memory i 
£. The CPU . * i • 

V 

V. Processing Action 7 5 

A. Introduction to programming M 
and program processing « 

B. Timing and multiplexing 

VI . Software 5 7 5 ' 

A. Data-transfer group 

B. Arithmetic group ^ 

C. Logical group 

D. Assembly- language programming 
t E. The! conditional Jump 

F. Interrupts 

STUDENT LABORATORIES 

Using Integrated circuits, design a full adder. 
Construct a 4 bit parallel-In serial-out shift-right 
register and analyze Its operation. 
. Construct a 4 „ bit serfal-in parallel-out 

^shlft-right-reglster and analyze its operation. „ 
. Using integrated. circuits design a pulse stretcher.. 
. Construct a oMgUial-to^analog converter using the binary 

weighted ladder method. 
. Construct an analog-to-digital converter. 
. Construct a RAM circuit and analyze, its operation. 
. Given a microcomputer , determine its RAM Memroy size, type 

, of addressing used, number of I/O ports, and clock speed. 
. Design an assembly- language program to add ten numbers and 
using the mnemonics, execute the program on the 
microcomputer. 

Design a program to employ interrupts. 

V 

STUDENT COMPETENCIES j 

At the conclusion of this course, the student should be able 
tp: r j 

./ 

. Describe the operation of a half and fu14 -adder*. 
. Analyze the operation of a shift register. 
. Describe an analog-to-dlgital converter. 
. Analyze RAM operation. 

Interpret microcomputer, specif lea it Ions. 

Write programs using mnemonics and assembly, language. 
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Analyze ROM, PROM. EPROM, and EE PROM operation. 

Define software, hardware, and "firmware. 

Describe the different.^ addressing modes of the 

microcomputer. 

Describe a dlgltal-to-analog convertor. 



i 



RECOMMENDED TEXTS 



Byw , ate f: Hfl^wgreffiftware — p e ?|gn of. fiiaitai svtma. 

Prent I ce-Ha 1 1 , 1979. 

* 

Coffran & Long, . ProctfCfll Interfacing for Mic roprocessor 

Systems. Prentice-Hall, 1983. 

Mano. t Digital Logic and Comoutar Daafon. Prentice-Hal^, 1979. 

Toed, [UflJLfcflJ $V?t?em»t Principles, and Aooui^tlona. 

Prent Ice-Hal 1 , 1980. * . T . 



y 

> 
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DIGITAL ELECTRONICS 



COURSE DESCRIPTION 



This course will Introduce the student to basic digital 
circuits. Circuit analysis and troubleshooting techniques are 
also emphasized. 

PREREQU I S ITES : El ect ron 1 c Devi cesT C 1 r cu 1 t Ana 1 ys 1 s 
CREDIT HOURS i 4-3-5 

COURSE OUTLINE Studaht Control Hour a 

• * * Class Laboratory 

I. Introduction to Digital Techniques 5 10 

A. Number systems , 

B. Logic symbols and gates * 

C. Basic Boolean operation 

D. Laws and theorems v 



II. Integrated Logic Circuits 

A. Types • classification, and 
• Identification 

B. Parameters an' 4 

C. Logic faml 1 « 

D. ' Practical 5c 

E. Slmpllflcatlw 

F. Decision making 



character 1 at 1 cs 

circuits 
techniques 
logic elements 



III. Fll p-F 1 ops and Reg 1 sters 
A . D-type 
B» T-type 

C. JK 

D. Registers 



IV. Sequential Logic Circuits 

A. Counters 

B. Shift registers 

C. Clocks and one shots 

D. Adders 

E. Subtree tors 

V. Combinational Logic Cf. cults 

A. Encoders 

B . Decoders 

C. Multiplexers 

D. Demultiplexers 

E. Code converters 
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Student Contract Hours 
Class Laboratory 
VI. Memory* Circuits n 6 

A. Types of memories 

B. ROM 

C. RAM 

D. PROM * 

« 

STUDENT LABORATORIES , 

/ 

/ 

. With the aid of Oscilloscopes, Voltmeters, Pulse 
Generators, Logic Probes, and Truth Tables construct and 
verify, the function of the following Logic circuits: 

AND 
. /OR 
./ NAND 
/• NOR 
/ . ExcLus Ive OR , 
. Fl^pVlops 

Counters — 
. . Timers 

Adders 

Subtractors 
. Dividers 

STUDENT COMPETENCIES 

At the conclusion of tKis course, the student will be able 
to I 

. Identify logic gates and functions. 

. Connect various gates to produce combinational logic 
circuits. 

. Diagram a basic logic system from a problem statement. 
. Troubleshoot and repa\r basic logic and digital circuits. 

Interpret specifications from manufacturer's data sheets 

for digital circuits. 
•, Perform conversion between various number systems. 
. Describe the characteristics of the most commonly used 

logic faml 1 tes. 

RECOMMENDED TESTS j 

PVflKfll — Techniouea T Book 1. Benton Harbor, MI: Heathkit 
Learning Publications. S 

Williams, Gerald E. Digital Technology. Chicago, IL: 
Science Research Associates, .Inc. 

Williams, Gerald E. Digital Technology.' Lab manual. C hicago. 
IL: Science Research Associates, Inc. 
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ELECTRICAL POWER AND DISTRIBUTION I 
•COURSE DESCRIPTION * 

m 

Electrical Power and Distribution presents fundamentals 
of po yphase.-AC circuits, electrical generating equipment, 
transmission, and distribution systems. Emphasis Is placed on 
equipment, end components used In Industrial* distribution 
systems* transformers, switch gear, conduits, metering, etc. 
Fault and overload protection and reactance compensation of 
various loads* for power factor correction and the 
reading/sketching of schemstlcs Is also covered. Students 
will examine several power systems In opere^lon and recognize 
the relations of the various components and equipment. 

PREREQUISITES* AC Circuits 



CREDIT HOURS* 



4-3-5 



COURSE OUTLINE 

I. Three-Phase Circuits v 




II. 



B. 

C. 

D. 
E. 

F. 



G. 
H. 



Po 1 yphase systems-rev 1 ew 
10,30 circuits current, 
voltage, reactance, vector 
diagrams, true-apparent 
power 

Three-phase alternator - NEC 
article 445 

Power output of a 3-phase 
a 1 ternator 

Wye and Delta connection 
Phase sequence and unbalance 
circuits 

Unit substation - H&L voltage 

NEC 230-209 article 280,450, , 

250-94 grounding 

Feeder bus system, NEC article 

364 

Panel boards 7 subfeeders, NEC 
article 384 



Student Contact Hours 
Class Laboratory 

11* 7 



Transformer Construction 
A. Theory of operation 
8. EMF of Induction 

C. Losses In transformers 

D. Types of transformers 

E. Cpnstructlort of power, 
distribution and current 
transformers, NEMA, standards, 
protection, NEC article 210 

F. System protection, breakers. 
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fuses, ground fau.lt-NEC 
article 210 
G. System coord I nat I on 



Student Contact Hours 
Class L aboratory 



III. Circuitry and Cool fng 10 X 7 

A. Construction of magnetic 
circuit exciting curfen* load 

B. Loading AC circuits-power "\ 
means of correction, 

synchronous condensers 

C. Current circuit-types of * 
, windings," copper loss & 

efficiency reactive voltage- 
regu 1 at 1 on 

D. Insulating classes, ANSI & 
NEMA 

E. Devices: temperature, pressure 
oil-level 

IV* Transformers per NEC 12 ' 5 

A. General provisions 

B. Voltage level's 

C. . Vaults 

D. Grounding - overcurrent. 
protection 

E. Transmission line equipment 

( 

STUDENT LABORATORIES 

Examine the electrical distribution and swltchgear system 
at the school and draw a schematic to accurately represent 
this system. Identifying major components ano" locatl'ons. 
Also draw a schematic of electrical distribution system of 
one building Including , the electrical laboratory. v 
Examine an operating bus duct system ,and draw a 
representative schematic Identifying all components and 
1 ocat 1 on . 

. )Hook up a single phase transformer, connect a load, record 
Input and output current, voltages, and power. Check 
polarity. Impedance voltage and copper losses*. Calculate 
step-down ratio and efficiency. < 
Parallel two single phase • transformers and check load 
distribution. 

. Connect three single phase transformers,: delta-delta, 
delta-wye, and wye-wye operation. Con/nect load check 
current and voltages on primary and secondary. 

* Lab- volt - #t - Safety and the power supply. 

* Lab-vo1t - #2 - Phase sequence. 

* Lab- volt - #3 - Real power and reactive power. 

* Lab- volt - #4 - Power flow and voltage regulation of a 



116 



112 



4 9 ' 1 

simple ^transmission line." 
f * (or equivalent) 

STUDENT COMPETENCIES 

. Explain the purpose and Identify the .basic components of 
electric power transmission systems from generating plant 
9 to user. 

. List and explain the purpose of basic components and 
arrangement of Industrial electric power distribution 
system from the generating plant to various suJ&sfeRTorws 
for manufacturing processes. ( ' r \r > T 

. Draw schematic . (elementary) diagrams using proper 
electrical symbols of electrical power distribution 
systems as employed In utilities and Industry. 

• De r ,ne 9UCh terms as synchronizing (para 1 1 ell I ng), phase 
rotation, true power, reactive (VAR) power, power factor X 
correction.. J 

. Describe methods for power factor correction on polyphase 
circuits by capacitor banks and synchronous condensers to 
meet utility standards and Increase line capacity) 

J actually measuring amps, watts v vars, and calculating 
power factor. + ' 

. Utilize Nat I oha ^.Electrical Code bopk to determine proper 
, construction and application. Including safety of a * 

transmission system. Including power transformers. 

» 

RECOMMENDED TEXTS * * ' 

Gilbert and Edwards, Transformers . American Technical 
Publishing, Chicago, IL 

_. NFP 2' National Electrical — Code Current Ed It lorv. u„+<on-i 
Fire Protection Association, Boston, MA 

o ?T! t K' RObert L.. Electrical Wiring inH^ri-i , Del mar 
Publishers Inc., ^Albany, New York . ^ 

» 

/iM 1 ^ 6 :^ T ^°?°r ef 4 E1ectr 1c Power Tr ansmission System. 

(Lab-Volt), BUck Engineering Co., Inc., Farmlngdale, NJ 
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ELECTRICAL POWER DISTRIBUTION II 

COURSE DESCRIPTION ' , 

/ ♦ ' . * ^ 

Transmission pf power by various transformer connection 
utilizing tap changes for load and 1 1ne voltages w1 1 1 be 
covered. Reactors' for current 'limiting under fault 
conditions t and transformer maintenance will also be covered. 
Efficiency of line systems will be emphasized Including 
special transformers. > 



PREREQUISITE! 
CREDIT HOURS i 4-3-5 
COURSE CONTENT 



Electrical Power and Distribution I 



Student Contact Hours 



I. Transformer Connections 

A. Voltage transformation , w 

B. Polar Ifcyj single phase 
transformers 

C. Single-phase transformer 
connect 1 ons-vo 1 tage vector 
diagram . * 

D. Phase transformation-three 
phase to two phase 

E. PoVarltyt three-phase 
transformsrs . 

. F. Transformer connection-open 

delta capacity voltage vector 
diagram v 

G . Pare 1 lei operet 1 on 

H. Requirements for satisfactory 
operation 

I f . Tap Changes 

A. No-load tap changer 

B. Tap changing under load 

C. , Phase-angle control / 

III. Special Transformers 

A. Autofcransformers 

B. Operation-output retlng- 
1 Imitations 



CI 



8 



Laboratory 
6 



IV. Reactors 

A. • Current- 1 1m 1 ting reactors 

B. rnductance-reactance- 
constructlon types 

V. Transformer Maintenance 
A. Safety first 
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VI 



» Class 
Suggested trartsformer 
safety standards % , 

C. Purpose of transformer ' « 
'maintenance x 

inspect ton and maintenance 
Insulation tests 
Internal Inspection ,©f core 
and - col 1 s \ \ r- , 

Tips on transformer maintenance 



Student C ontact Hours 



B. 



D. 

'it. 

* \ 
' G. 



Laboratory 



Electrical Power Transmission- 
systems * ^ 
A. Alternator 

Synchronous motor 
Synchronous ^condenser and 
1 ong 1 1 nes 
D. Buck-boost, phase-shift 

transformer 
F. Transients V 



I 



B. 
C. 



STUDENT LABORATORIES 



[ 




phase transformers In 



Connect and operate two single 
para 11 e 1 

Checking polarity Apr correct connection. 
Connect three single phase transformers for three phase 
load using' deVta-wye connection. * 

Measure load-using two watt meter method, (viptts, vars, 
,k11ovolt, amps). " 
Calculate step-down ratio, losses and efficiency. 
Vary reactance loads on each pases and note power factor 
of system. 

Useyan alternator connected to a DC load. 
Observe the functioning of a synchronous motor. 
Demonstrate a synchronous condenser regulating the 
received voltage. ' 

Observe the division of power between two transmission 
) « 1 1 nes In para 1 lei . * \ 
Demonstrate a synchronous motor under load. 
Demon^tratS the shunting of a synchronous motor. 
Observe the" power f luctuatlbn under abnormal transmission 
1 Ine conditions. 

Observe real and react 1 ve power flow as a function of the 
, phase shift between sender and receiver voltages. 
Observe transmission! lines faults, balanced and 
unbalanced. 

Observe positive, negative and zero sequence Impedances of 
* a synchronous machine. 
Observe phase-shifts of three-phase transformers. 



* 
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RECOMMENDED TE^TS • t 

Glebert and Edwards, Tranlf ormera . Amor lean Technical 
Publishing, Chicago, 111. ' 

NFPA, National Electrica l Coda Current Edition. National 
Fire Protection Association, Boston, MA 

Smith, Robert*L., Electrfcal Wiring Industrial. Del mar 
Publishers Inc. Albany, NY fc 

Wi lde, Theodore, ElecWlff Power Tranaml as I on System. % 

(Lab-Volt), Buck Engineering Co., Inc. ,\ Farmlngdale, NJ 
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* ELECTROMECHANICAL DEVICES * 
COURSE DESCRIPTION / 



Electromechanical Devices It designed to provide the 
student with a -working Jcnow ledge -of. control elements In 
electrical circuits, transformers , generators, motors, and 
synchromectpan 1 sms . Topics presented Include power losses In 
transformers, large alternators, DC mcftgr controls and 
efficiency, three-phase AC motors, synchronous motors, single 
and three-phase Induction . motors, stepper motors, and 
classifications and applications of synchromechanf sms. 

PREREQjUSI^TEt Clrcuft Analysis 

CO-REQUISITE* None . J 

CREDIT HOURS i 4-3-5 ^ 

COURSE OUTLINE""^* J Student Contact Hour* 

/ Class Laboratory 
I. Electromechanical Devices J 2 
An Introduction . 

A. Magnetic, forces and fields 

B. Thfi origin of magnetism "\ 

C. Magnetic fields of electric currents \, 
' D. Forces of charged particles 

moving through magnetic fields 

E. Generator action 

F. Motor action » 

G. Transformers 

II. Control Elements In Electrical* • 4 3 
Circuits 

A. Switches 

B. Testing. and maintenance of 
switches 

C . Re 1 ays 

D. Testing and maintenance of 
relays 

E. Relay circuits. / 

F. Fuses • 

G. Checking and replacing fuses 

H. Checking circuit breakers 

II 1 ,0 Transformers 4 

A. The basic transformer' % • 

B. Power losses In transformers 

C. Power transformers 

D . Auto transformers e * 

E. Other transformers 

F. Troubleshooting transformers , 
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• Student Contact Hours 
Class .Laboratory 
IV. Generators artd Alternators • A % 3 

A. The sample OC generator 

B. Construction of DC generators 
Cm Field cofl connections fln 

be generators 

D. Operation of OC generators 

E. The alternator 

F. Automobile alternators' % 

G. Large alternators 
Operation of alternators * 
Maintenance, . 4 k 



H. 
I 



V. DC Meters ana* Controls $ ' '8 \' 6 

A. The simple DC motor/ ?N> 
, B. Construction of DC motors 

,C. DC- motor controls * 

D. Motor efficiency r N s 

E. Motor maintenance and I 
, t troubleshooting ' 

VI. AC Motors and Controls,," 10 + 9 ^ 

vy' A. Three-pha** AC motors 
'w ,^ 1. rotating Magnetic fields 

2. synchronous motors 

3. Induction motors 

4. power factor In AC motors r»y 

B. Synchronous motors I v 

1. rotor construction 

2. field excitation and oower 
* factor 

3. starting synchronous motors 

4. appllcattxns of synchronous 
motors Z** 3 * 

C. Three-phase Induction motors 
* 1 . rotor construct 1 on 

2. starting three-phase Induction 
motors 

applications of three-phase 
Induction motors. 
4. wound rotor motors . 

D. Single-phase Induction motors 

1. capacitor]- start fibtors 

2 . permanent t-capac 1 tor motors^ 

3. repu Is Ion-Induct fpn motors 

4. shaded-pole motors / 

5. speed control of single- 
phase Induction motors' 

E. Universal motors 

VII. Stepper Motors , 4 3. 

A. Operation of the stepper motor 

B. Stepper motor control ^ 



i. 



9 
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' Student Contact Houn 

win <= ^ ^ . C^ass Laboratory 

VIII. Synchromechantsms • 4 3' 

A. The synchro transmitter 

B. The synchro receiver 

C. Differential synchro. 

transmitter and recelveVs v / 

D. The synchro control v * 
transformer ' , 

E. Classification of . 
synchromechantsms 

Applications of • 
synchromechanlsms • * * , 

STUDENT LABORATORIES v / * 

. Examine the characteristics and diagram 'the magnet J c 
fields of permanent magnets and electromagnets. 

. Construct common control circuits using switches and 
relays. f 

. Construct circuits and measure efficiency of a power 

transformer. T* 
. Set-up a generatpr and an alternator and measure the 

output characteristics. 
. Construct a motor c-lrcutt and measure the. output 

characteristics of a shunt motor. 
. ^ Set up, operate, and determine the functioning 

characteristics of synchronous. Induction, and universal 

motors. 

STUDENT COMPETENCIES 

. At the conclusion of this course, the student will be able 
to: 

V 

. Diagram and explain the components and relationships of 
basic magnetic and electromagnetic systems. 

. Use the right hand rule to determine direction of force on 
a conductor £or a current carrying a^Conductor In a 
magnetic fTeld. \ 

. Identify, diagram, and explain the functioning 
characteristics of baste types of relays used In 
electrical circuits. * 

. Identify, diagram and explain the function of baste fuses. 

. Construct a relay control ctrcult. 

. Diagram, label, and explain the functioning 
characteristics and the components of basic types of 
. transformers. 

. Determine primary voltage and current, secondary voltage 

and current. Input power and efficiency of a transformer. 
. Test transformers for continuity of windings, and shunted 
windings. 

Diagram, label, and explain the functiolng characteristics 
of baste generators. 
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. Operate a DC generator and alternator and determine their 
operating characteristics. 0 ^ 

. Diagram* label* and explain the components and functioning 
characteristics of common types of DC Motors. 

. Specify appropriate types df motors for a given mechanical 
load. v 

. Diagram, label, and explain tne components and functioning , 

characteristics of common AC motors. 
. Construct , '-test, and plot the curve of ^ DC motor circuit. ' 
. Diagram, label, and explain the components and functioning 

characteristics of common types of AC motors. 
. Given necessary data , determine thelnumber of magnetic 

poles, synchronous speed, operating speed, slip speed of 

common AC Motors. «■ <r 

. Operate properly qnl versa 1 motor, shaded pole motor, 

capacitor start motor. 

RECOMMENDED TEXTS 

Center for Occupational Research and* Development. 
Electromechanical Devices. Waco, TXt CORD, 1981. 

Alevlch', Walker? N. E l.ectr I c Motor "Cont ro 1 ^ New York* Van 
, Nostrand Pub I Ishlng Co. • 1975. 

Anderson, Edwin P. Electric Motors. Indianapolis, INi 
Theodore Aide and Co., 1969. 

* 

Fitzgerald, A.E. and Klrply, Charles, Jr. Electric Machinery. 
New York:. McGraw-Hill Book Co., Inc. 1952. 



120 



126 



i ELECTRONIC OEVICES 

COURSE DESCRIPTION 

. • ... 
This course ts designed to provide the student with a 
working kffowrsdge of electronic devices. This course wt 1 1 
also develop the student's ability to connect and test baste 
discrete solid-state components as well* as baste vacuum tube 
circuits. Toplps • Include vacuum tube diode end trlode, 
bipolar Junction transistors, ancf other devices and Integrated 
circuits. 

PREREQUISITE » Fundamentals to Electricity and Electronics 
CO-REQUISITE* Circuit Analysts 

CREDIT "HOURS t . 4-3-5^ v « 

COURSE OUTLINE Student Contort Hnun« 

. * Class Laboratory 

I. Vacuum Tuue Diode and Trtode 4 3 f 

A. Introduction to active 
devices j 

B. Physical characteristic 

C. CRT operation 

D. Trlode characteristics 
•E. Load resistance 

F. Gain 

G. Phase relationships 

H. Baste vacuum tube amplifiers 

* 

II. Semiconductor Diodes 6 6 

A. Atomic theory for semi- 
conductors 

B'. SI 1 Icon • germanium, and PN 

Junctions » 

C. Dlpde applications 

i 

III. . Zener Diodes and Other Two- 8 16 

'Terminal Devices 

A. Zeners - basic circuits 

B. Schottsky diodes 

0. Varactors (var leaps) 

D. Photodlode 

E. Light-emitting diodes (LEDs) 
and IR emitters 

F. Liquid crystal diodes 

G. Solar eel Is 



J 

i 
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H. Thermistors 

I. Industrial devices 



Student Contact Hours 
Class Laboratory 

r « 



IV. Bipolar Junction Transistors 14 9- 

*" (BJT) and -Other Active Devtces 
A: PHP and NPN atomic 
characteristics 

B. PJT operation ~, 

C. Ampl If ylng action f ^ 

0. Amplifier configurations! v 
commdh base (CB)v common 

eml tters (CE ) , common 
col lector (CC) 

E. Specification sheets 

F. JFET and MOSFET characteristics 

G. FET operation 

H. Amplifying action 

1. Amplifier configurations 
J. Specification sheets • 



.V. Integrated Circuits 

A. Types of ICs ^ 

B. Application of ICs 

C. Construction of IC3 



STUDENT LABORATORIES 

V 

v. Construct and test a common cathode amplifier. 

Design* build, and test a clipper and clamper circuit.. 
. Design, build, and test a ha If -wave rectifier and 
full-wave rectifier circuit. 

Design, bu11d,*and test a half-wave filtered power supply. 
. Design, 'buHd, and test a full-wave filtered power supply. 

Construct and test the common base, common emitter, and 

comrton collector amplifier. 
. Obtain characteristics of the trlac, dlac, SCR, and zener 

jusfng the curve tracer. 
. ^Determine output vqltage of the solar cell, under different 

rojfcl conditions. 

Construct and test common gate, common source, and common 
drain amplifiers. 

Identify pin configuration, I package type, ■.. and 
characteristics of the Integrated circuit using <the 
specifications sheet. 
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STUDENT COMPETENCIES 



Upon completion of this course you wf 11 be able tot 

Define the following terms t 
Vacuum tube 
Semiconductor diode 
Zener diode 
Schottsky diode 
Varactor 
Photod I ode 
LED 
LCD 

Solar eel 1 

Therm 1 stor 

SCR 

Dlac 

Tr I ac 

BJT 

PET ^ 

Integrated Circuit 

List and explain applications for all of the above 
devices. 

Analyze the above devices' operation using specification 

sheets and characteristic curves. 

Construct and test a common cathode amplifier. 

Demonstrate the application of semiconductor diodes by 

constructing and testing clipper, clamper, ha If -wave 

rectifier, and full-wave rectifier circuits. 

List characteristics and applications of the common base, 

common emitter, and common collector amplifier. 

List characteristics and applications of the conmon gate, 

common drain, end common source amplifier. 

List characteristics and applications of the common 

cathode amplifier. 

Llst£ypes and applications of Integrated circuits. *\ 
Identify pin configurations, package type, and ) 
characteristics of the Integrated circuit^ with t 
specification sheet. 

Construct and test common base, common emitter, and common 
co 1 1 ector c 1 rcu 1 ts • 

Construct and test commmon gate, common source, and common 
drain ampl If lers. 

Use a curve tracer to obtain the characteristics of the 

trlac, dlac, SCR* and zener. 

Determine output voltage of a solar cell 
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RECOMMENDED TEXT 



Boylestad, Robert, and Nechelsky, Louts. Electronic Devices 
and Circ uit Theory . Englewood CUffs, NJ» Prentice-Hall. 
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ELECTRONIC INSTRUMENTATION 
COURSE DESCRIPTION 

This course fs designed to develop the skills of the 
student. In the area of Electronic Instrumentation. Through 
lectures and practical applications, the student will develop 
the skills required to maintain electronic transmitters, 
recorders, and controllers. 

PREREQUISITES! Instrumentation & Controls ,^ 
CREDIT HOURS i 4-3-5 

COURSE OUTLINE Student Contact tour, 

Class Laboratory 
I . El ectr I ce 1 Saf afcy , 2 0 

A. General electrical safety 
rules 

' B. El Imlnate working on. hot 
circuits when possible 
C. # Removing other personnel from 
hot circuits 

II. Auxiliary Electrical Devices 2 3 

and Means for Recording- Data 

A. Timers 

B. Relays, contactors, and 

" electromagnetic actuators 

C. Synchronous transmitters and * * 
receivers 

0. Electrical transducers-pressure^ 
temperature, thickness, 
position, light. Intensity, 
speed 

III. Electrical- Control of Temperature, 2 3 

Energy, Speed, and Motion 
s, A. Temperature control , vthe heat 
transfer problems ' 
B. Magnetic, hydraulic, and 
electromechanical devices 

IV. Electrical Pressure Trensducer 2 ^3 

A. Spans covered by the various 
types of Instruments 

B. Magnetic flow meter principles 

C. Differential pressure,wlth 
mechanical Integrator and square 
root extractor 

D. Var table-area flow meters 

E. Devices for measuring the 
' i flow of dry materials 
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Student Contact Hours 
V Class Laboratory 

F. Automatic weighing, 
transmission and 
total Izlng 

V. Electrical Level Transducers 6 6 

A. Probe-type elements 

1 . Therma 1 

2 . Capac 1 t 1 ve 

B. Ultra-sonic elements 

C. Capacitance 

D. Radiation 

E. Strain gauge 

VI. Electrical Temperature 8 .6 

Transducers . 

A. Span and range of the. 
various types of electrical 
thermometers „ 

B. Resistance-type transducers 

1. Me+ Mfc 

2 . Noi i-meta 111c 
» C. Bridges 

1 D. Calculate range resistors for 
the. measuring circuit of a 
class 15 recorder 

E. Thermocouple measurements. 
Installation and use 

F. Radiation and optical phyometry 

G. Indicating and recording • 
Instruments 

<^ 1 . Mill 1 vol tmers • 

2. Electro-mechanical and , 
electronic potentiometers 

3. Automatic potentiometers . 

H . Temperature-measur 1 ng vpract 1 ces 

1 . Speed of response 

2. Span 

3. Location and type of sensing 
e 1 ement 5 

4. Dynamic errors 

I. Determine resistance vs. 
temperature for both positive 
and negative thermistors 

VII. Potent 1 ometr 1 c Devices ' 4 3 

A. Basic Thebry 

B. Manual vs. automatic 
standardization 

C. Constant voltage unit 

D. Monitoring, scanning and 
supervision 

- 126 
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' Studant Contact Hpur» 
Class Laboratory 

VIII. Indicating* Recording* and 
Registering Equipment 

A. Records* Indicator* and 
data storage „ ' 

B. Central* recording and ^ 
control vs. remote single 

stations * 

C. Monitoring* scanning, and 
supervision ^ 

0. Compare the circular chart 
with the strip chart type 
recorders for accuracy and 
ease of reading 

*. 

IX. Analytical Instruments 4 3 

A. 1 General types and applications 

B. Therms 1 conductivity gas 
analyzers 

C. Oxygen analyzer , 

D. PH meters 

E. Gas chromatography 

F. Combustible-gas analyzers 

X. Radiation-type transducers 4 0 

A. Types of radiation 
transducers and 

appl 1 cat 16ns m 

B. Thickness measurement's f 

C. Level measurements 

D. Density measurements 

STUDENT LABORATORIES 

Repair and calibrate pressure to current transducers. 

Repair and calibrate current to pressure transducers. 
. Repair and calibrate magnetic flow meters. 

Repair and calibrate electrical square root extractors. 
. Construct and calibrate a Type J thermocouple. 
4 Troublshoot and calibrate a single v point class 15 

recorder , 

. Troubleshoot and calibrate a multl -point class 15 
recorder . 

Calibrate a PH meter using standard- solution. 
STUDENT COMPETENCIES 

Repair and calibrate pressure to current transducers. 
.* Repair and calibrate current to pressure transducers. 
Repair and calibrate magnetic flow meters. 
Calculate range resistors for the measuring circuit of a 
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class 15 recorder. 

Construct and calibrate a Type J thermocouple. 

Determine resistance vs. temperature for both postlve and 

negative thermistors. 

Trouble shoot and calibrate a single point class 15 
recorder. 

Calibrate a ph meter using standard solutions. 
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ENGINEERING GRAPHICS I 

COURSE DESCRIPTION 

* • 

An) Introductory course to provide the technician with 
basic /skins and techniques used to communicate Information 
and Ideas graphically. Joplcs to Includes en Introduction 
to freehand sketch Ingi graphic drafting techniques and 
procedures, scheme^Jc drawing; descriptive geometry i end 
» computer graphics. ' 

PREREQISITEt Algebra. 

m 

CO-REQUISITEt Trigonometry 
CREDIT HOURS t 1-6-3 

COURSE OUTLINE Studant Contact Hour* 

; K Class - Laboratory 

I. Technical Sketching 1 9 

A. Sketching lines, circles, 
. and arcs 

B. Using the box construction 
technique 

C. Sketching In Isometric - 

D. Sketching In obi fque 

II. Drafting Fundamentals 2 15 

f A. Use of Instruments 
JB. Lettering 

C. Alphabet of 1 fnes 

D. Drawing reproduction 

E. Scale 

F. Dimensioning and tolerancfng * 

G. " Geometric construction , * 

techniques . \ 

III.' Orthograph I c Project I on 2 15 

A. Third-angle 'projection In 
drawing 

B. Section drawing 

IV. Pictorial Drawing 2 12 

A. Drawing objects In Isomeric 

V. Schematfq Drawing Jfe 1 6 

VI. Descriptive Geometry , 2-12 

A. True length, slope, 

and bearing * 

B. Auxl 1 fary views 

C. Developments 
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Student Contact Hour a 
\ Class Laboratory 

Computer Graphics s 1 » 

A. . Drawing on CRT 

B. CAD Introduction 

VIII. Overview of Engineering Graphics 1 
Drawing In Industry 



STUDENT LABORATORIES 

Hake freehand sketches In Isometric and oblique. 
. Use drafting Instruments- to make simple drawings Involving 

geometric construe Ion techniques. ' 

Hake drawings of objects In orthographic. 
. Hake Isometric drawings of simple objects. 
. Hake schematic drawings*. 

Find true length , slope* and bearing of lines. 
. Hake development's of objects. ^ 

STUDENT COHPETENCIES 

At the conclusion of this course* the student will be able 
to: 

Hake simple freehand sketches that will describe an object 
or a process In three dimensions. 

Use drafting Instruments to make simple engineering 
drawings. 

Draw and Interpret objects In orthographic projection. 

Draw and Interpret simple objects In Isometric. 

Prepare and Interpret schematic drawings. 

Graphically find the true length* slope, and bearing of a 

line. 

Determine true shapes and sizes of surfaces from 
alternative vies utilizing *he line and plan methods of 
descriptive geometry. 

Discuss the use of computer as a graphics tool. 
RECOMMENDED TEXT 

% 

Luadder, Warren J., Fundamentals of E ngineering Drawfno. 
Englewbod CI Iff , N.J.: Prentice-Hall* 1981. 
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EHT PROBLEMS 



COURSE DESCRIPTION 

The electromechanical' engineering technology problems 
cour ses, a re Intended to *An together the knowledge and skills 
from thT< entire programs. Industrial type problems may be 
used with ths Instructor's approval* Each specialty 
(Industrial Controls* Robotics* Instrumentation* Electrical 
Power, and Generic) will have a separate problems course 
reflecting Its special Interests. The problems may be related 
to each other (I.e. students from various specialties may work 
on different aspects of Implementing the samejMqrk celf). 
Because of the diversity of the various electromechanical 
options* only general guidelines are Included In the catalog. 
(See "Suggest long for Implementing a Problems Course") 

PREREQUISITES Consent of Instructor 

CREDIT HOURS t 0-9-3 \ 

V 

COURSE OUTLINE >V 

I. Define Scope and Rules for Projocfcs^ 

A. Instrucjtos(s) give parameters ^ ^ 
1.. time ( 1 quarter) > 

2. cost { 

3. effectiveness J v 
f B. Student submits proposal / 

1. preliminary sketcher /diagrams 

2. performance parameter* 

3. time needed to design end build 

4. test procedures & validation 

5. cost 

C. Instructor (s) evaluate and ssslgh projects 

1. Individual projects 

2. % group projects 

3. develops performance contract 

a. time, required/phase 

b. . progress reports 

c. grading parameters 

4. assigns suitable Individual proposal writers 
. to work with others. 

II. Implement Projects 
A. Design phase 

1 . student undertakes des 1 gn 

2. student makes progress review against 
objectives 

3. Instructor evaluates, advises and approves 
build 
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B. Build phase ^ 

1. student undertekes construction ". 

2. student makes progress review against 
objectives 

3. Instructor evaluates, advises and grades 

C. Test 

1. student devises test and conduces ft 

2. student writes test report and/or failure 
analysis s 

3. Instructor evaluates, and grades 
0. Engineering Report 

1. student prepares comprehensive engineering 
report /'.'.• 

2. Instructor eva Hates and grades 

STUDENT LABORATORIES 

t * 

• Prepere sketches end diagrams for Submittal to Instructor. 

• Complete design for Instructor approval and grading. 
. Build* as appropriate, the project designed. 

. Oevfse end conduct engineering tests on the project. 

. Compile a comprehensive engineering report on the subject. 

STUDENT COMPETENCIES 

X 

At the conclusion of this course , the student will be able 
to* 

. Define e technical problem and design a workable solution. 
. Design* construct* test* evaluate end modify a functional 

devlce/clrcul try/system utl 1 1 Ing/eiectr leal « mechanical 

and/or electronic component. / / 

v . . u 
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/ FLUID POWER 

i 

COURSE DESCRIPTION 



\a* /uXL We r ,8 des, « nad to give the student an overview 
*of fluid power technology and a working knowledges each of 
the components used In fluid . circuits. Hydraul 1c and 

&r f 'c^r C0V^nt,0na, f,u,d circuits, and fluid 
PREREQUISITE! Physics' III 
CREDIT JJOURSt 4-3-5 

COURSE OUTLINE i . * 

Student Co^taet Hour. 

i . , . Cless Laboratory 

1^ Introduction and Fundamentals of 5 6 " 
Fluid Power , 

A. Introduction of fluid power ' \ 
U background and applications 

of fluid power. 
* 2. advantages and disadvantages 

of fluid power ^ 

3. capabilities 

4. how fluid power works 

B. Basic fluid power systems 

1. hydraulic systems 

2. pneumatic systems 

C. Review of physics fundamentals 
1 • forms of energy 

*2. force and pressure 

3. work done by a fluid 

4. power In fluid power systems N 

D. Basic principles of fluid 
behav I or 

1. the continuity equation 

2 . Bernou Ill's theor em 

3. Torrlcelll's theorem 

4. Gas Lews 

5. Pascal's Law 

6. Charles's Law 

E. Baste fluid symbols 

F. Summary 

II. Fluid Power Properties 
and ' Character 1st! cs 
A. Properties of hydraulic fluids 

1. viscosity 

2. viscosity Index 

3. lubricating abl 1 1 ty 
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• 4. rust and corrosion 

prevention 

5. oxidation stab 1 11 ty 

6. resistance to foaming 

7. flash and fire points 
B. Types of hydraulic fluids 

1 . water 

2. petroleum oils 

3. water-oil emulsions 

4. water-glycol fluids **r 

5. synthetic fluids V 
#. C. Replacing hydraulic oil 

III, Fluid Storage, Conditioning 
Maintenance 

A. Reservlprs and tanks 

1. hydraulic reservoirs 

2. pneumatic tanks 

B. Temperature Control 

1 . cool 1.ng 1 n hydrau lie 
systems 

2. cooling In pneumatic 
systems . 

C. Filters and strainers 

1 . types of hydrau 1 1c f 1 1ters 

2. location of hydraulic 
filters 

3. pneumatic filters 

4. air pressure regulators 

5. air-line lubricators 

6. FRL units 
0. Sealing devices 

1 . compress 1 on pack 1 ngs . 

2 . 0-r 1 ngs 
3* v-rlngs 

4. piston cup packings 
* 5. piston rings 

6. water. rings 

7. seal materials 
E . Summary 



Student Contact Hours 
Class Labortory 



IV. Pumps and Compressors 

'A. Theory of Flumps 6 3 

1. posltlvV-dlsplacememt 

pumps * 

2. characteristics of 
positive displacement 
II qu 1 d pumps 

3. nonposltl ve-dl splacement 
pumps 
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Student Contact Hours 
.Class Laboratory 

B. Hydraulic Pumps 

1 . vane pujnps 

2. piston pumps ' 

3. selection of hydraul 1c 
pumps 

"4. pump maintenance 

C. Pressure boosters » 

D. Air compressors 

1. reciprocating compressors 

2. rotary compressors ? 

3. compressor maintenance 

E. Vacuum pumps 

F. Summary 

Actuators and Fluid Motors 6 3 

A. Fluid power actuators 

1. constructors of hydraulic 
cylinders 

2. cy Under operating 
eharacter 1 st | cs 

3. construction of air 
cylinders 

* 4. mouhtlng and application 
of cyl Inders 

5. special cyl Inder types - 

6. rotary actuators 

7. causes of cylinder failure 

8. cylinder maintenance • 

B. Fluid motors 
< 1. hydraulic motor tyopes 

2 . • hydrau 1 1 c motor performance 

C. Summary 

Fluid Distribution and . 6 
Control Devices » 

A. Accumulators 

1. accumulator types 

2. accumulator app Meat Ions 

B. Pressure Intenslflers 

C. Fluid conductors and 
connectors , 

1 . rigid pipes 

2. semirigid tubing 

3. flexible hoses 

4. plastic tubing' 

D. Fluid control devices 

1. directional control valves 

2. servo valves 

3. pressure control valves 

4. flow control, valves 
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Student Contact Hours- 
v Class Laboratory 

5. other control valves 
E . Summary 

VII. Fluid Circuits 6 6 

A. Fluid power symbols 
< B. Basic hydraulic circuits 

1. cylinder circuits 

2. motor circuits 

3. speed control 

C. Basic pneumatic circuits 

1. cyl Inder circuits 

2. motor circuits ' A 

3. speed control ^ 

4. multi-pressure circuits 
0. Synchronous motion 

1. hydraulic cylinders In 
series 

2. fluid motors as 
synchronizers 

3 . air cy 1 1 nders 

4 . hydrau 1 1 c motors 
E. Acutator speed 

1. pneumatic circuits y 

2. hydraulic circuits / 

STUDENT LABORTORIES * 

. Construct and operate fluid circuits for s 1 ng 1 e-act 1 ng 
hydraulic, and double-acting cylinders. 

. Compare characteristics and operation of the cylinders. 

. Measure volumetric efficiency of a hydraulic pump, overall 
efficiency of a hydraulic power system, and delivery rate 
of an air compressor j> 

. 0 Construct and operate fluid power circuits for operation 
of single-acting, hydraulic and double-acting cyl t nders, 
and for operation of hydraulic and pneumatic motors. 

. Construct and > operate a circuit using an accumulator to 
power, a pressure intenslfler and a circuit to sequence the 
operation of "hydraulic py It nders. ✓ 

STUDENT COMPETENCIES V 

At the conclusion of this course, the* student will be able 

Identify components and describe the function of basic 
hydraulic and „ pneumatic power systems; shotffVall 
connections for operating a single-acting cylinder. 

. Calcuate quantities for a fluid power system. 

. Construct, and operate fluid circuits for single-acting 
cylinder. 

. Describe principles of fluid behavior and explain how they 
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relate to fluid power systems. 
. Explain hydraulic system problems (rust, corrosion, oil 

viscosity too high or low, oil oxidation). 
. Describe and list characteristics of hydraulic fluids. 
. Construct fluid power circuits, comparing characteristics 

and operation of each. 
. List characteristics and function of each major part of a 

hudraultc reservlor. 
. Explain the role of a compressed-air tank In fluid 

conditioning In a pneumatic system. 

Explain trroortance and methods of controlling temperature 

of fluid In hydraulic and pqjeumatic systems. 

Explainer operation, advantages, and disadvantages of 

varlousthydraul 1c filters, and filter locations. 
. Explain rvoperat Ion of v each element In a pneumatic 

f 1 lter-rwu I ator- lubricator unit. 
. Draw diagrams of and list applications, and approximate 

operating temperature ranges of various seal materials. 
• List characteristics, applications, and approximate 

operating temperature ranges of various types of pumps. 
. Ca 1 cu 1 ate de 1 1 very rate of a compressor . 
. Explain Importance of cooling and how cooling Is 

accomplished with air and water In a multistage piston 

compressor . * 

Explain operation of reciprocating compressors and 9f 
positive -displacement and nonposttt ve-dtsplacement rotary 
air comporessors. 

Explain types of damage and maintenance to prevent these 
damages to pump and hydraulic compressors. 
Measure volumetric efficiency of hydraulic pump, overall 
effl clancy of a hydraulic power system, and a delivery 
rate of an air compressor. 
. Contrast differences In the construction components and 
functioning capabilities of hydraulic versus pneumatic 
cyl Inders. 

m . Sketch dlsgrams and explain operation of common types of 
actuators. . Describe common causes for actuator failure 
and malfunction. 

List procedures for troubleshooting damaged cylinders. 
. Compare operating characteristics of basic hydraulic 

motors (gear, vane, axial piston, radial piston). 
. Construct fluid circuits for operation of hydraulic and 

pneumatic motors and compare operating characteristics. 

List and describe the functioning of basic types of 

accumu 1 ators . 

Explain the Importance of common types of conductors and 
thefr applications. 
. List common types of control valves, their Importance, and 
their operating characteristics. 

Construct and operate a circuit using an accumulator to 
power a pressure Intenslfler and a circuit for sequencing 
the operating of hydraulic cylinders. 
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. Explain design demands and control characteristics 
Important In construction of fluid circuits. Including 
actuator speed limits, slow control characteristics, 
synchronous motion, cylinder speed. 

RECOMMENDED TEXTS 

Fluid Power Systems. Waco.TXi Center for Occupational 
Research and Development, 1980. 

f 

Sullivan, games A. Fluid Power Theory and Ado 1 1 cat 1 on . 
Reston Publishing Company, Inc. 1982. 

Vlckers. Mobil Hvdrau Mc~ Mar.ua 1 , 

Henke. Introduction to Fl uid Mechanics. Addison- Wesley. 
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FEEDBACK CONTROL SYSTEMS 



COURSE DESCRIPTION 

.This course provide*, the student with the classical tools 
to analyze closed loop control systems. Laplace transforms 
are used to describe the elements of a closed loop system. 
Bode diagrams and root locus plots are used to examine 
stability. The student Is Introduced to causes and cures for 
system stab 1 1 1 ty prob I ems . 

i 

PREREQUISITE! Circuit Analysis 



CREDIT HOURS t 4 3-5 
COURSE OUTLINE 

I. Open and Closed Loop System 

A. Open loop control 

B. Closed loop control 

C. Block diagrams 

D. Transfer functions 
"E. Servo mechanisms 

F. Process control 



Student Crtntact Hour* 
Class Laboratory 
4 3 



II. Mathematical Models 8 
. A. Linearity 

B. Differential equations 

C. Various systems 

D. Simultaneous equations 

III. System Components 6 

A. Transducers 

B. Power actuators 

C. Amplifiers 

* IV. Transient Response a 

A. Input functions 

B. First order systems 

C. Second order systems 

D. Transient response 
characteristics % 

V. Laplace* Transform Analysis 8 

A. Laplace transform theorems 

B. Application of Laplace theorems 

C. System stabl I Ity 

D. Routh criterion 

E. Root locus analysis 

VI. Frequency Response Analysis 6 
A. AC Differential equations 
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B. Polar frequency response / 

C. Bode diagrams 

D. Plots of constants, derivative, 
first order and second order factors 

E. Frequency response / 

F. Stability criterion / ,> 

G. Nichols chart 

STUDENT LABORATORIES 

. Construct an/open loop system of control. 
. Construct a /servo mechanism system. 

. Write system equations for mechan i ca 1 , electrical, liquid. 

and thermal systems. 
. Demonstrate the use, of transducers, ampl If lers and power 

actuators In a working system. A r 

. Use f Ir^.t and second order systems to determine transient 

response to speed regulating system, RCL networks, and 

positional servomechanf sms. 
. Determine transfer functions for mechanical, electrical, 

heat and liquid systems. 

Use Routh's cr iter tori to determine stable systems. 
Plot root- locus diagrahi for various open- loop systems." 
. Plot Bode diagrams' for various transfer functions. 

STUDENT COMPETENCIES 

0 

At the conclusion of this course, the student will be able 
tot 

Describe the performance differences In open and closed 
loop controL systems. 1 •* 

Use Laplace transform tables to convert equations from the 
time to frequency domafrf and vice versa. 
. Reduce a block diagram to yet Id an equivalent transfer 
function. ^ 

Describe the physical, impl te%fc1ons of POjjes and zeros of a 

transfer function. Jr^ 
. Describe the effect of lead- lag ccroensjation and gain on 

system stability (gain and phase margins A , 
. Recognize condltons that can lead $0 system stability 

problems and synthesize corrective measures. 

Write mathematical equations on the behavior of systems. 

Describe the transient response of basic physical systems. 
. Modify an open loop transfer function to achieve stable 

operation. * _.j «■ 

Investigate the ef f ects< of gain and phase compensation on 

the Instability of a system. 

RECOMMENDED TEXTS 

Weyrick, Robert C. Fundamentals of Automatic Controf; New 
York * McGraw-H 111, 1 982 . 
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JlEATlNG AND AIR CONDITIONING CONTROLS 
COURSE DESCRIPTION 

Basic principles of heating and air conditioning. 
Including controls and their functJon In- the system are 
covered. 

t 

PREREQUISITE » Instrumentation and Controls 
CO-REQUISITE \ None 
CREDIT HOURS* 4-3-5 

course outline studtnt Contact Hours 

Class Laboratory 

I. Introduction to Air Conditioning 4 3 

A. Air-cycle - refrigeration 

* cycle • * 

B. Cooling equipment 

C. Heating equipment 

0 

II. Cooling Equipment of Controls 8 6 

A. Mechanical refrigeration 
and theory 

B. CocMng systems control 

C. y Thermostat, pressure and 

temperature controllers 
•D. Auxiliary equipment 

IV. Heating Systems - Gas Controls 8 6 

A. Safety shut-off circuit 

B. The pi lot 

C. Residential gas valves 

D. Water heater controls 

x V. Flame Safeguard Controls 8 6 

A. Principles of flame 
safeguard 

B. Flame detection system 

C. Primary controls and 
programmable controls 

VI. 011 Burners and Controls 8 .6 

A. "Burner systems * 

B. Flame detectors 

C. 011 primary controls 

D. Typical o 1 1 heat 1 ng> system 

STUDENT LABORATORIES 
. Examine the heat cycle, refrigerant heating system. 

- t 
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. Examine the cooling cycle* refrigerant docking 
. Calibrate control lers for optlmun operatfoh. 
• Gas controls! 

troubleshooting safety shut-off clrcul 

pilot light. 

control valve. 
. Troubleshoot flame safeguard circuits. 
. TroubTeshoot oil burner system. 

STUDENT COMPETENCIES 

At the conclusion of this course, the student will be able 
to X 

. Analyze control systems and determine the function of 

each control component. 
. Calibrate control components for optimum operation of 

system. 

. Repel r or replace malfunction components of system. 
. Dlagrfose system problems utilizing wiring and elementary 
diagrams. 

. Ut-lllze a psychrometrlc chart to determine the properties- 
of air as relates to system performance. 

RECOMMENDED TEXT> ' 
• Appropriate Manufacturer's Guide ^ \ 
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INDUSTRIAL CONTROLS I 

'course description ' ' 

This course gives the student an ' understendf ng of the 
jet hods .and analysts of electromechanical control systems,. 
The theory end laboratory work will enable the student to 
adapt control components to systems found? In Industry. 

*' » 
PREREQUISITE! Electromechanical Devices 

& * 

.CO^ECjUISITEi None 
CREDIT HOURS t 4-3-5 

COURSE OUTLINE Studant C^n^ u^../ 

— ■ . . ' , ^ • Class Laboratory 

I. Protective Devices 3 3 

A. ' Fuses 

B. Circuit breekers 

C. Relays , 

II. Manual DC and AC Starters 5 3 

A. Three and four point 
starters 

B. Squirrel cege Induction 
motor starters 

C. Wound rotor Induction > 
H motor starters 



HI. Automatic DC and AC Starters. 8 

A. Definite time accelerators 

B. .« Timing mechanisms 

C. Current limiting 

D. Across the tine sterters 

E. WRItf starting 

F. SCIM starting ( 

G. Synchronous starters 

IV. DC Speed Control 5 

A. Field control 

B. Armature control 

C. Plugging 

D. Braking 

E. Jogging 1 v 

F. Solid state 

V. Polyphase Speed Control 5 

A. Change In frequency or voltage 

B. Change In number of poles 

C. Secondary resistance control , 
of WRIM ' # 
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VI 



VII 



VIII 



D. Concatenation and other 
systems , 

E. Electronic controls 

Slnglephase Speed Control 

A. Reversal 

B. Magnetic controls 

C. Electronic controls 

D. Plugging and braking 

Static Controls 

A. Basic logic gates 

B. Special logic gates' ~ 

C. Converting to static logic 

D. Designing static logic system 

E . Programmab 1 e control 1 ers 



Student rontact Hours 
Class Laboratory 



6 



Feedback Control 



Automat 1 c 
Systems 

A. Servo mechanisms 

B. Damping types and systems 

C. Tranducers — 

D. Modulators and amplifiers 

E. Automatic process control 

F. Open loop system 

G. Closed loop system 

H. Feedback 



STUDENT LABORATORIES 

. Construct a simple relay circuit to Investigate pull-in, 
drop-out properties. 

Construct and evaluate the performance of various time 

delay relay cfrcutts. 
. To connect three and four point starte'rsj cam switch hand 

drum switch controls. 
. Construct across the line Magnetic starter, SCIM starters, 

WRIM starters. 

Construct forward, reverse. Jog and braking controls. 
Construct and compare the methods for reduced voltage 
start tngy 

. Construct and compare open and close loop solid state 
speed controls. 

Construct and evaluate a capacitor-run motor controllers. 
. Construct and evaluate alternator synchronizer and voltage 
regulation. 

. Construct AND, OR, NOR, sealed AND/NAND functions for 

static controls. 
. Construct and evaluate static logic motor control circuit. 
. Construct and evaluate open and close loop position system. 



150 14 4 J 



STUOElJf COMPETENCIES 

At the 'conclusion of, this course, the student will be able 
tot 



. OetermWie the differences between overloads and short 
circuits and the type of equipment that provide this 
protection. 

. Describe and recognize the differences In DC and AC manual 

controllers. 

. Operete automatic starters and determine components 
required. . 

Describe methods and operation of DC speed control and 
brekfng. * j 

Describe the operations necessary fdr the various methods 
of polyphase speed control . 

Determine the methods of speed control for single phase 
motors. 

determine the logic systems necessery for static controls. 
Determine the components and devices necessary for stable 
control in both open or closed loop systems. 

RECOMMENDED TEXTS 

o Ir J!! n0 u V; K080W# CPntrQl fifc Electric Machine * 

rrent i ce—ria 1 1 • ,7 

. \ 

e> 
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INDUSTRIAL CONTROLS II 

COURSE DESCRIPTION k 

The purpose of this course is to give the student en 
understanding .of the methods \ end analysis of electrical 
control systems* The theory ana, laboratory work will enable 
the student to adept components to contrtpl systems as found In 
Industry. Robots will be. Introduced asVoart of more complex 
control systems. \ 

PREREQUISITES Feedback Control Systems 

CO-REQUISITE* None \ 

CREDIT HOURS! 4-3-tf 

COURSE OUTLINE 



J 



Frequency Response Analysis 

A. AC differential equations 

B. Polar frequency resonse 

C. Bode diagrams 

D. Plots-of constants! derivative, 
first order and second order 
factors 

E. Frequency response 

F. ^Stability criterion* 

G. Nichols chart 



Student Contact Hours 
C 1 ass Leboretory 
6 3 



II. 



III. 



Control System Design t 
<A. General considerate ops 

B. Control modes 

C. Lead- lag compensation 

Control System Testing 

A. Test objectives 

B. Methods 

C. Transient resonse 

D. Frequency response 

E. Velocity-response 

F. Control system adjustment 



IV. 



Non 1 1 nerar 1 1 1 es 
Systems 

A . Sms 11 si gna 1 

B. Discontinuous 

C. Effects 

D. Saturation 

E. Dead zones and 

F. Control system 



In Control 



hysteresl s 
adjustment 
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c . Student Cd>i tact Hour » 

Class Laboratory 
V. Robotic Systems 8 12 

A. Types of robots 
/ d. Work, envelopes 

C. Manipulators 

D. End Effectors 

STUDENT LABORATORIES 

. Derive transfer functions that will solve a closed loop 
system for proportional control and determine offset which 
may be associated to a step change. 

. Repeat the Item above but add rate and reset modes to the 
controller as a means of compensation. 

. Using experimentally derived data from a frequency 
response test on a servomechanlsm plot the frequency 
response curves and determine a transfer function for this 
system. 

Use approximate linear methods to so've continuous 
non linearity control problems. 

Determine the stability of a servomechanlsm system which 

has a no 1 1 near Ity control problems. 
. Determine the stability of a servomechanlsm system which 

has a nonllnearlty such as backlash using graphical means. 
. . Examine comparative actuator system of typical robots. 

Diagram their work cylinder. 
. Examine and observe the operation of hydraulic and 

electrical driven robots. 

Manipulate control devices under the supervision of your. 
Instructor and write a report on the possible applications 
of each. 

• Manipulate a programmable controller to program a robot 

based on Instructions presented by the Instructor. 
. Visit an Industrial site where robots are -In place. 

STUDENT COMPETENCIES 



At the'concluslon\ of this course, the student will be able 

tor \ 

. Describe the design of P and P. I.D. controllers. 

Explain the compegsatlon methods necessary to achieve* 
system stability. 

Describe the various tests to determine the 
characteristics of system and Its components. 
Utilize tests to 4 estab1 Ish.. system operation by examination 
of the system response. 
. Describe the various methods of linearizing nonl Inearlt les 
in control systems. 

Describe the development of robots and their 
implementation Into manufacturing over the past decade. 
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. List and describe the elements of an Industrial robot 
system. 

. Contrast operation of the power actuator system among 
electrical and hydraulic robots. 

RECOMMENDED TEXT 



Wsyrlck, Robert /C 
McGraw-HI 1 1 . 



• t 




# 
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INDUSTRIAL ELECTRONICS 



COURSE DESCRIPTION 

The student wf 11 become familiar with the parameters of 
various modern solid state devices and circuits. Including 
Input and output waveforms. In-depth knowledge Is gained 
through lectures, research.'and practical applications. 

PREREQUISITES Digital Applications 

CO-REQUISITE t None , 

CREDIT HOURS t 4-3-5 
COURSE OUTLINE 

I. . The St i fcbn-Contfiol led 
' Rectifier 

A. Construction 

1. P/N Junction 
. 2. double diode 

B. Characteristics 

1 . anode 

2 . cathode 

3. gate * 

C. Applications 

1 . A/C 

2. D/c 



Student Contact Hours 
Class Laboratory 
6 6 



II. The Bf -Direct lone 1 Tried 
Thyrlstor (TRIAC) 

A. Construction 

1. two SCR' s - Inverse 
para 1 1 e 1 

2. two four- layer switches 
In paral lei 

B. Characteristics 
1. static switch 

I 2. *A/C switch 
' C. Applications 

1 . AC tr I gger 1 ng 

2. DC triggering 

III. The Bf -Directional Diode 
Thyrlstor (DIAC) 

A. Construction 

1. two-terminal semiconductor 
. 2. NPN structure * 

B. Characteristics 
* 1. bl-dlrectlon 

2. negative resistance 
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Sfcydsot Contagt Hour? 

Class Laboratory 

C. Appll cat Ions 

1. AC Switch 

2 . ra 1 axat 1 on-osc 1 1 1 ator 

IV. Intagrated Circuits 4 6 

A. General construction of IC's 

1. diffused components 

2. component Isolation 

B. General gate circuits 

1 . nor gate 

2. or gate 

3. and gate 

4. nand gate 

V. Operational Amplifiers 20 12 

A. Chat acterl sties 

1. Input Impedance 

2. output Impedance 

3. gain 

B. Applications i 

1. Inverting amp 

2. non- 1 nvert 1 ng amp 
■3. differential amp 

4. summing amp 

* < 

STUDENT LABORATORIES 



• Examine the SCR characteristics curves of the anode * 

cathode * and gate. 
. Construct practical SCR circuits using CES Lab Kits and 

Lab Manuals. 

Examl.ne the^TRIAC characteristic curves. 

Construct practical TRIAC circuits using CES Lab Kits and 
Lab Manuals. 

. jet up practical DIAC circuits using CES Lab Kits and Lab 
Manua 1 s . 

Construct practical digital gate circuits using CES Lab 
Kits and Lab Manuals. 

Construct and observe waveforms In practical OP Amp 
circuitry using CES Lab Kit and Lab Manuals. 

STUDENT COMPETENCIES w 



At the conclusion of this courset the student will be able 
to: 

Set up v operate* and repa\r practical, SCR circuits. 
Construct* operate* and repalf* practical TRIAC circuits. 
Construct* operate* and repair practical TRIAC circuits. 
Construct* operate* and repair practical OP Amp. circuits. 
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RECOMMENDED TEXTS 

Drlscoll. Edward F. Industrial E 1 ■etron t g« . Chicago, 
American Technical Society, 1976. 

Boyce, Jefferson C. f Operation al AncHftgrt for Tachnotoov. 
N. Scltuate. mass.. Brenton Publ 1 ih 1 n? , 1963* wwitotot i 
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INSTRUMENTATION AND -CONTROLS 
COURSE DESCRIPTION 

Provides the student with* practical knowledge and skills 
In the specification, use, and calibration of measuring 
devices, and In the principles and applications of automatic 
control processes. The course stresses the Integration of 
knowledge gained In previous courses through the detailed 
examination of control systems for electrical power 
production, heating, air conditioning, and manufacturing. 
Appropriate symbols must be Included If Systems Drawing Is not 
taught • 

PREREQUISITE: Fluid Power 
CO-REQUISITE: None 
CREDIT HOURS: 4-3-5 

COURSE OUTLINE Student Content Hour, 

Class Laboratory 
I. Principles of Process Control 8 3 

A. Instrumentation and control: 
the concept 

1 . open- 1 oop contro 1 
,2. closed- loop control 
3. negative feedback In the 
control system 

B. Value operation and fall -safe J 
conditions S 

C. Controller action 

D. Valve and control 1 er sel ect1 on 

E. Process dynamics - capacity 
verses capacitance 

F. Pressure control 

G. Deed time and lag time 

II. Instruments for Fluid Measurements 4 3 
Pressure and Level 
A. Control quaflty of the system 

1 . measurement theory 

2. accuracy 

3. pressure measurement 

4. liquid manometers 

5. reference values for pressure 
measurement 

Bourdon tubes and pressure, 
elements, pressure elements, 
diaphragm, strain gauges \ 

6. cal 1 brat Ion of pressure 
transmitters and gauges 
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Student Contact Hgurf 

C 1 afs Laboratory 

B. Liquid level measurements 

1. float-operated devfces 

2. heat -type (or pressure) ^ 
dev 1 ces 

3. capacitance devfces 

4. conductance electrodes 

5. ultrasonic detectors 

6. radiation detectors / 

7. dtsplacers 

III. Fluid F 1 ow Measurement 4 

A. Flow rate calculations 

B. Velocity of flowing fluid 

C. Head flow measurement 

1. calculation principles 

2. flow equations 

3 . d 1 f f er ent 1 a 1 producer s 

orifice placet venturl tubes, 
flow nozzle, target meters 

4. pressure tap locations 

vena contracta tap locations, 
pipe or full flow tap 
* locations, flange tap 
1 ocat 1 ons 

5. viscosity correction 

turbulent and laminar flow 

6. practical considerations 
appl 1 cat Ions of head flow 
^peters » 

Non-head-type flow meters 

1. turbfne flow meters 

2. magnetic flow meters 

3. ultrasonic flow meters 
E. Square root extractors 

1 . 1 nput 

2 . output ( 

3 . ca 1 1-brat 1 on 

IV. Instruments for Temperature 4 
Measurement 

A. Temperature scales 

B. Temperature measurement 
1. electrical temperature 

transducers 

thermocouples, thermocouple 
appl Icav. ons , read-out device 
millivolt measurement), 
thermocouple reference junction 
compensation, special 
thermocouple applications 



V 
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SfcUttofc Contact Hour* 
Class Laboratory 



2 . res 1 stance-temperature 
measurement 

3 . opt 1 ca 1 temperature 
measurement 

C. Mechanical temperature 
transducers 

1. filled thermal systems 

capl 1 lary tubes of the 
^ filled system, error and 
compensation In the system 

2. bimetallic elements 



Measurement • ' 

A. Control practices , 

B. Transducers and transmitters 

1. motion detectors - linear 

* linear potentiometer - a 

linear motion to electrical 
transducers, 1 1 near motion 
variable Inductor, linear 
variable differential 
transformer (LVDT) , 
variable capacitance 
for 1 Inear movement 

2. mot Ion detectors- rotary 
1 rotary potentiometers, 

rotary variable 
differential transformer 
(RVDT), synchro systems, 
flyball governor 

3. Velocfty measurement - 
rotary 

tachometers 

C. Force sensors v 

1 . stra 1 n gauge 

2. pleoelectrlc crystal 

D. Proximity and limit detectors 

1. contact-type proximity 
4 detectors 

2. noncontact-type proximity 
detectors 

E. Appl 1 cat Ions 

Pneumatic Controls 8 
A. Pneumatic transmitters - 

force balance type 

I. flapper nole 

a. relay 

b. feedback 



3 
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( V 

Student Contact BflUTJ 
Class Laboratory 
2. force balance^dlfferentlal 
pressure 

B. Pneumatic controllers - force 
balance type 

1. proportional control mode 

2. proportional plus reset 
contro 1 

3. proportional -plus 

derivative control ~j 

4. controller action 

5 . contro 1 1 er spec 1 f 1 cat 1 ons 

C. Notion balance pneumatic 
Instruments 

D. Signal transducer* * 

1 . current-to-pressure 
transducers 

2. pressure-to-current 
transducers 

E. General applications of 
pneumat 1 c 1 nst r ument s 

1. transmission lag 

2. volume boosters 

3. valve positioners 

F. Conclusion 

VII. Automatic Control Systems 8 3 

A. Open- loop controls 

B. Closed- loop controls 

1. closed loop or .automatic 
. / feedback control and 

contro 1 modes 

2. on-off control / 

3. proportional control, / 
proportional output end gain 

STUDENT LABORATORIES 

.• Construct and test a flow and level control system. 

Calibrate pressure gauges. 

Calibrate flow metering devices. 
. Measure temperature with thermocouple and RTD. 
. Operate LVDT differential pressure transducer. 
. Operate a d/P cell with a variable capacitor. 
. Calibrate and operate a pneumatic d/P cell. 

Bench check a pneumatic controller. 

Construct and operate an open- loop control system. 

Tune a level controller. ' * 
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STUDENT COMPETENCIES 4 

^At t&e conclusion of this .course, the student will be able 

. Define the fol lowing terms t 
4 Process 

Process control 
Open- loop control 
Closed- loop control 
Feedback^ 
Error signal 

Closed- loop control components 
Measuring means 
Control 1 Ing means 
Final control element 
. List the advantages and limitations of the fol 1 owl no i 
Open- loop control 
Closed- loop control 
. Explain the objective and purpose of process measurement. 
. Describe the operating principles theory, and units of en 
instrument that performs the measurment of the processes 
listed In v 0bject1 ve 2. 
. Define Inferred meausrement. 

. Perform a calculation t£at reletes pressure to level 
measurement . 

. Calibrate representative Insturments used In measuring the 

processes listed In Objective 2. 
. Explain operating principles (Including description, 
„ characteristics, and appl Icaltons) of various, different lal 

pressure sensing flowmeters. 
. Sketch a typical differential -pressure flbw-senslng device 

and transmission channel. 
. Install an orifice plate and a venturl tube In pipes; 

measure pressure drops as functions of flow; calculate 

flows, based on nominal discharge!, coefficients, for each 

device. 

. Calibrate an orifice plate and a venturl tube by making a 
differential pressure versus flow curve* calculate 
discharge coefficient. 
. List and define four classes of filled thermal' systems. 
. Define the term "Inferential measurement" and explain why 

temperature measurement Is based on this principle. 
. Measure temperature using the following types of 
electrical temperature measuring devices: 
Thermocoupl e 
Resistance (RTD) 
Optical 

. Explain how the devices In Objective 2 above can be used 
to make the fol lowing measurements t 
D1 splacement : 
1 ) LI near 
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( 

*2) Angular 
I Velocity ' 
Force 

. Explain the operation of a pneumatic transmitter to 
measure the following var lab less 
Temperature 
Level 
Flow 

Pressure 

Identify the component parts of pneuWtlc transmitter. 
Ca-Ubrate and align a pneumatic transmitter. 
• Impement the operation of a closed- loop control sytem by 
performing the following! 

I nsta 11 c 1 osed- 1 oop control components on a comb 1 nat 1 on 

level -flow process. 

Connect the Instruments to perform closed- loop control 
f unct 1 on . 

Make Instrument adjustments to provide optimum process 
control . 

* This Includes control ler /tuning, transmitter range 

select Ion, and adjustment. ( 
Describe a method of control quality evaluation and relate 
the effect of each control -loop component on the quality 
of the process. This will Include a definition and 
explanation of the following terms t 

Gain 

1 ) Process 

2) Instrument 
Capac 1 ty 

Dead time 
Lag time 

Process stability 
Process disturbance 

RECOMMENDED TEXTS 

CORD, I nstrument 1 on and Controls. Waco, TX 76710 

Austin , Frlbrance, Industrial Instrumentation Fundamentals. 
McGraw-Hill. 

Kirk & Rlmbol, I nstrumentat 1 on . American Technical 
Pute.1 1 shers . / 
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MECHANICAL DEVICES AND SYSTEMS 
COURSE DESCRIPTION 

Mechanical Devices Is an Introductory treatment of modern 
mechanical drives, combining the elements of mechanical 
theory wlteh tfeose of practicality. The topics treated 
Includes: various gear drive configurations employing spur, 
bevel and helical gears, fraction drives, and some selected 
special topics such as cams and universal Joints. An attempt 
has been made to expose the student to a practical skill of 
mechanical assembly. 

PREREQUISITES! None 

CREDIT HOURS': 4-3-7 



COURSE OUTLINE 



II. 
III. 



Spur Gear 

A. Velocity ratio 

B. Torque ratio 

C. Simple trains 

D. Compound trains 

E. Reverted gears 

F. Internal gears 

Special Gears 

A. He 1 leal gears 

B . Beve 1 gears 

C. Worm geafaT^ 

D. Cross-helical 

Spec 1 a 1 App 1 1 cat 1 ons 

A. Rack and pinion 

B. Counter rotaters 

C. Combined mechanisms 

D. Differentials 

* 

Linkages 

A. Terms and definitions 

B . Types of 1 1 nkages 

C. Linkage analysis 

Miscellaneous Drives 

A. Disk drive 

B . Cams 

C. Universal Joints 

STUDENT LABORATORIES 

Assemble a gear and pinion. 

Compute the velocity and torque ratio. 



IV. 



V. 



Student Contact Hours 
Class Laboratory 
7 21 
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• Construct a simple and compound gear train. 

. Measure t»?e velocity ratio of bevel and worm gear. 

. Solve for the displacement In a .rack and pinion set up. 

Make a counter roteter drive.. 
. Set up a mechanical differential and measure Its speed 

ratio. 

. Measure and calculate the mechanical properties of disk 

drives and rotary cams. 
. Upon exam fnat Ion of two or more of various list of 

mechlnest Identify type of linkages used. Sketch and 

describe each mechanism movement using) arrows to show 

force Input and output. 

STUDENT COMPETENCIES 

Computer gear speed ratios. 

• Calculate torque and displacement. 
Identify types of gears. 

. Explain the advantages' of a worm gear. 
. Discuss the purpose of bevel and helical gears. 

Sketch a simple and compund gear train. 

Analyze the angular displacement of a differential. 
. Describe the operation, of disk drives. 

Interpret the effects of the angle of a universal Joint on 

Its velocity output. 
. Name and explain the operational characteristics and major 

components of common mechancal linkages. 

List and describe the used and operational characteristics 
of common cams and cam sytems. 

RECOMMENDED "TEXT 

Drives i Center for Occupational Research and Development; 
Waco* Texas 

* 

Mechanical Devi ces and Systems ; Center for Occupational 
Research and Development; Waco* Texas. 

Millwright and Me chanics Guide; Audel 

Machinery Handbook 
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MICROCOMPUTER APPLICATIONS I 

* 

COURSE DESCRIPTION 

a This course is a continuation of digital applications and 
is, designed to emphasize the Interfacing of the microcomputer 
with peripherals* 

PREREQUISITE! Digital Applications 
CREDIT* HOURS: 4-3-5 

COURSE OUTLINE itud.nt ^'m.,,,. 

. Class Laboratory 

I. Mathemetlcal Refinement 4 6 

A. Multiple-precision numbers 

B. Mul ltlpl Icatlon 

C. Positive and Negative numbers 

D. BCD Addition 

II, Basic I/O and Interfacing 8 9 

.Techniques 

A. Synchronous vs asynchronous 

B. Handshaking 

C. Programmed I/O vs Interrupt I/O * 

D. DMA I/O 

E. Memory-mapped I/O vs Isolated 
I/O 

F. Keyboard Input 

G. Display mutlplexlng 

H. Video display 

I . Data acqu I s I t I on 

III. Programmable Peripheral Chips 8 3 

A. Basics of programmable 
peripheral chips 

B. PLCL 

C. Serial -parol lei 

IV. Data Communication 8 6 

A. Synchoronous vs asynchronous 

B. Simp lex/sup lex transmission 

C. Transmission codes 

D. RS-232C 

V. Controllers 12 6 

A. Single-chip ml crocontrol lers 

B. Stepper motor 

C. Stepper motor Interface 
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STUOENT LABORATORIES 



. Write a program to handle positive and negative numbers* 

Wrjte a program to solve problems In BCD. 
. Write a program to select an address register and transfer 

♦ data from the CPU to the peripheral Interface bus. 
. Write a program to set up the PI A as an Input and output 

device. 

. Construct a circuit using a UART for serial to para 1 lei or 

parallel to serial data handling. 
. Construct an Interface circuit consisting of 

Opto- Isolators. 

. Connect a microcomputer to a peripheral through a UART 

Interfacing using a 20ma loop. 
. Connect e microcomputer to a peripheral through a Y4UART 

Interfacing using a RS-232C line. 

Connect a microcomputer to a stepper motor. 

• Write a program to exercise a stepper motor. 
Construct A/D and D/A converters. 

Write a program for successive approximation using 
converters. 

STUDENT COMPETENCIES 

Convert between decimal* binary, and hex number systems. 
Write programs to solve arithmetic problems. 
Demonstrate the use of I/O ports i 

Program the PI A control registers end use the control 

lines as Input and output. 
. Explain the Input .and output circuits used In current 

loops by means of a schematic diagram. 
. Explain who opto- 1 so 1 ators are required In current loops 

used with microprocessors. * 
. List the basic capabilities of the Rfe-232C Interface. 

• Use a circuit diagram to explain how RS-232C signals can 
be converted to TT1 or 20ma current loop. 

Develop methods of controlling a stepper motor with a 
m 1 c r ocomput er . 

Demonstrate' how a A/D converter can be used with a 
m 1 crocomputer . 

. Demonstrate how a D/A converter can be used with a 
m 1 crocomputer . 

RECOMMENDED TEXT 

The Int elligent Microcomputer . Roy W. Goody, Science Research 
Associates* Inc. 
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PROGRAMMABLE CONTROLLERS 

COURSE DESCRIPTION 

Provides the technician with the basic skills and 
techniques used In programmable^ controllers. Topics to 
include hardware, I/O modules, pcW supplies, ladder 
diagrams, memory units, and examine Instructions. 

PREREQUISITES* Computer Fundamentals, Digital Electronics 
CO-REQUISTITE: None 

CREDIT HOURS Student Contact Hours 

, , ^ Class Laboratory 

I. Introduction and Hardware 4 3 

A. Description and programming. 

B. Processor and I/O modules 

C. Power supply - chassis 
assembly (I/O) 

D. Program panels and devices 

II. Basic Concepts 6 3 

A. Ladder diagram/relay logic' 

B. Memory units 

C. Numbering systems review 

D. Memory allocations/addressing 

E. Sequence of operation 



III. Program Panels and Relay 8 6 

Equivalent 

A. Keyboard and program panels 

B. Examine Instruction 

C. Output and branch Instructions 

IV. Timer, Counter and Data 8 6 

Manipulation 

A. Timer and counter Instruction 

B. Cascading timers. counters 

C. Word manipulation 

V. User Program and Editing 8 6 

Functions 

A. Rung writing and fault 
response 

B. Memory use and documentation 

C. Program and specific 
Instruction 

D. Clearing memory and changing 
program 
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Student Contact Hours 
Class Laboratory 
VI. Coding and Documentation of 4 3 

PC Programs 

A. Sequence* device testing 
and program entry and 
testing 

B. Simulate operation 

VII. Review Program 2 ^3 

STUDENT LABORATORIES 

Identify and list functions of the various sections of a 

programmab 1 e cont ro 1 1 er . *> 
• L 1 st the three ma 1 n el ements f nvo 1 ved 1 n contro 1 by PC . 

Locate and Identify the functions of the various 

d 1 agnost 1c 1 nd 1 cator s . 
. Assign an address to designated terminals 

Identify the address of words In memory. 

Enter various rungs using PC equipment. 

Identify the various types of instructions using PC 
equ 1 pment . 

Troubleshoot the PC . system. 



jc4f1or 



STUDENT COMPETENCIES 

At the conclusion of this course, the student will be able 
tos 

Identify, by locating on the equipment, the names and 

functions of the basic sections of programmable controller. 
. Describe the three steps of the memory scan in an PC. 

Troubleshoot the PC system using the various diagnostic 

Indicators. ^ 

Enter rungs using ladder diagrams. , 
. Convert a written description of a simple control scheme 

into a workable PC program. 
• Enter and debug a PC program. 

RECOMMENDED TEXTS 7 

Hunter, Automatic Process Control Systems. Concepts and 
Hardware, Prent I ce-Ha 1 1 , 1,978. 

i 

Kuo, Automati c Control Systems. 4th Edition, Prent t'ce-Ha 11 , 
1982. 

RECOMMENDED STUDY GUIDE 

"Programmable Controller Course". Instruments and Control 
Systems, Chilton Publishers, Radnor, PA. 
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PROGRAMMABLE CONTROLLER PROBLEMS 
COURSE DESCRIPTION 

Provides opportunity for practical application of skills 
and techniques acquired In Programmable Controllers. The«^ 
student writes programs in ladder diagram form, enters them^ 
Into the controller, and conducts tests varying the input and 
output operations. 

PREREQUJ SITEs Programmed 1 e Cont ro Hers 
CO-REQUISITEi None 
CREDIT HOURS: 1-6-3 
COURSE OUTLINE 



I. Construct Simple Ladder Programs 

A. Industrial control loops 

B. Enter ladder diagrams into 
P.C. 

C Vertify c^rr^ct Input 
D. Verity correct output 

1 1 . Construct Ladder 

A. Get 

B. Put 
£. Timers 

D. Counters 

E. Zone Control 

III. Aux 1 1 1 ary Equ 1 pment 6 1 0 

A . Pr 1 nter 

B. Cassette tape recorder 

C. Report generation 

STUDENT LABORATORIES 

Enter ladder diagrams Into P.C. 
. Vertify correct Input using simulator. 

Vertify correct output using simulator. 
. Construct ladder diagram, enter into P.C. , Get 

Instructions.- 

. Construct ladder diagram, enter into P.C, Put 
Instructions. 

. Construct ladder diagram, enter into P.C, Timers. 
. Construct ladder diagram, /enter Into P.C, Counters. 
. Construct ladder dl agramr enter Into P.C, Zone Control 
instruction. / 1. 



Student Contact Hours 
Class Laboratory 
2 10 



D I agrams 2 i o 
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Connect printer, print reports from P.C. 

Connect cassette tape recorder, enter program from P.C. to 
recorder . 

Enter program from tape recorder to P.C. 



STUDENT COMPETENCIES 

At the cone lust op* of this course, the student will be able 
to* 

Construct ladder diagrams. 
Enter diagrams Into P.C. 
Connect printer, print reports. 

Connect cassette tape recorder, enter program from tape to 
P.C. 

RECOMMENDED TEXT 

Manufacturer's Instruction Manual 



is 
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ROBOTICS I 



COURSE DESCRIPTION 

An Introduction to industrial robots Including the 
various types and their pp Heat Ions. The course addresses 
the overall uses of Robotic systems-' and deals with specific 
robots and their operating characteristics. Laboratories 
Included In the course cover various vendor model robots and 
their basic capabilities. 

PREREQUISITE: Electromechanical Devices 

COREQUISirEt Instrumental on and Controls* Fluid Power 

CREDIT HOURS: 4-2-5 

COURSE OUTLINE Student Cont act teura 

Class Laboratory 

I. Introduction 6 0 

A. Historical development . 

1. tools " / 

2 . mechar 1 zmt 1 on 

3. automation * 

4 . robot 1 zat 1 on 

B. Robotics overview 

1. robot /human analogy 

2. Industrial robot basics 

C. Current applications and 
d 1 str 1 but 1 on 

1 . ear 1 y automat 1 on 

2. hard vs. soft automation 

D. Current applications and 
d 1 str 1 but 1 <%n 

E. Projections. Issues end 
trends In the use of robots 

1. productivity 

2. labor loss 

3. product quality 

F. State of the art research and 
app 1 1 cat 1 on needs 

1. tact He sensors 

2. v 1 s 1 on 

/' 3. CAE/CAD/CAM 
f' 4. collision avoidance 

1 1 . Robot App 1 1 cat 1 ons 

A . Typ 1 c£ 1 Ex amp 1 es 

1. welding 

2. spray finishing 

3. forging/casting, grinding, 
sanding, polishing 
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Student Contact Hours 
Class Laboratory 

4. material loading/ unloading 

5 . pa 1 1 et I z I ng 

6. assembly 

7. Inspect lon/Q.C. 

B. App If cation Considerations 

1 . safety 

2 . cost 

3 . env I ronment 

4. strength requirements 

Elements of Industrial Robot 12 8 

Systems 

A. Robot Operating Parameters 

1. human/ robot analogy 

2. robot performance 
specifications ~* 

3. coordinate systems and 
man I pu 1 at I on/workspace 
ana 1 ys I s 

a. Carter Isn coordinate system 

1 . degrees of freedom 

2. world coordinates 

3. Joint coordinates 

4. tool coordinates 

b. Rectilinear systems 

c. Cylindrical systems - 

d. Spherical systems 

4. robot operational modes 

a. servo vs. non-servo 

b . po I nt-to-po i nt 
c\ continuous path 

d. teach pendant 

e. lead through 

f. off-line programming 

5. statics/kinematics/dynamics 

a. position* velocity* 
acceleration 

b. motion characteristics 

c. motion programming and 
control of industrial robots 

d . dynam i c ana lysis of a robot arm 

B. Robot hardware 

1. overview 

a . ana 1 ogy 

b. basic types of robots 

2. power sources 

3. robot power suppl ies 



/ 
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, Student Contact Hours 
Class Laboratory 

a. electricity^ AC/DC 
power suppl f es \ 

b. hydraulics electric 
motor /hydrau 1 i c pump 

c . pneumat lei el ectr V6 

* motor/air compressor s 

4. power distribution systems 

5. actuators 

a . trot or s 

b. solenoids 

c . hydrau 1 i c / actuator? A 

d. pneumatic actuators J 

6. actuator controls 

a. electric motor controls 

b. control feedback 
dev 1 ces/sensors 

7. drive systems 

8. end of arm tool Ing effectors . 

9. sensors 

C. Robotic system control 

1. programmable controllers 
a. Ladder logic language 

2. microprocessor /mini -systems 
a. high level languages- 

3. Input/output Interfaces 

D. Flexible manufacturing systems 

1. system considerations 

2. peripheral devices 

3. product design considerations 

Implementing Robot Systems 3 0 

A . Safety 

B. Justification 

C. Human Impacts 

Comparative Robot Systems 13 8 

A. Seiko 700 

1. operating characteristics 

2. capabilities and limitations 

3. appl I cat Ions 

4. schematics and diagrams 
6. Copperweld CR 50 

1. operating characteristics 

2. capabilities and limitations 

3. applications 

4. schematics and diagrams 
C. GMF MIA 

1. operating characteristics 

2. capabilities and limitations 

3. applications 
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4. schematics and diagrams . 

D. Cincinnati Ml 1acron'T-3/586 

1 . ope'rat I rig character I st I cs 

2. capabilities and limitations 

3. applications 

4. schematics and diagrams 

E . IBM 7535 

1 . operat I ng character I st I cs 

2. capabl 1 1t les and limitations 

3. applications 

4. schematics and diagrams • 



. Examine comparative actuator systems of typical robots 
(cartesian, cylindrical, spherical, articulated). Diagram 
their work cylinder and Include appropriate data as 
specified by the Instructor. 

Examine and observe the operation of hydraulic, 
electrical, and pneumat 1 ca 1 1 y driven robots. Manipulate 
the control. device under the supervision of the 
Instructor. Prepare a written report on the possible 
applications of each. 

Manipulate a programmable controller to control a robot 
based on Instruction presented by the Instructor. Make 
simple modifications to the procedure and re-program the 
robot . 

Write a simple off-line program. Load and test the 

program at the control console. 
. Visit an Industrial site where robots are In piace. 

Determine the design requirements that were required for 

the development of the robot. system (what factors did the 

users have to consider?). 
. Critique the system which they selected (plusses and 

minuses) . 

Given the schematics, diagrams, and data prepared by the 
vendors of selected robot models, prepare a written report; 
which ou+*'ne9 ^le operating characteristics and systems 
Interrelat '.ships of each. Explain from the schematic, 
each system and *ts Interface with other systems} Identify 
potential po!r;ts of malfunction and check-out procedures. 
Observe as many of the various types In operation as 
possible. * 

STUDENT COMPETENCIES 

Describe the development of robots and their 
Implementation into manufacturing over the past decade. 
List the advantages and disadvantages of automated 
manufacturing processes to Indsutry. 

List and describe the elements of an Industrial robot 
system. 



Student laboratories 
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Explain the categories of robots according to operation 
mode • . 

Operate selected^ robot (s) through the manipulation of the 
appropriate control device. 

Constast operation of the poewr actuator system among 
electrical t pneumatic and hydraulic robots. 
^Explain the various organization schemes through which end 
effectors are manipulated In space. 
Write a simple computer program to control a robot. 
Explain tt\<s various considerations that must be made In 
se 1 ect 1 ng a robot 1 c system for a g 1 ven app 1 1 cat 1 on . 
Given a manufacturing problem select a specific robot to 
solve the problem and Justify the solution In writing. 
Discuss the operating characteristics of the major 
vendors' models and class If teal ton of robots. 
Interpret the schematics and vendor diagrams of major 
vendors' models of robots so as to be able to understand 
the function of the system Involved. 

Competencies for Robotics L & II may vary based on the type 



of rotjotlc equipment available 1 . 



RECOMMENDED TEXTS 

Engelberger, Joseph F. Robotics In Practice. Management and 
Applications of Industrial Robots. Great Br It Ian i AMACOM, 
1980. ^ s 

Hunt, Daniel. Industrial Robotics Handbook. New Yorki 
Industrial Press. Inc.. 1983'. 

(Also^/see Robotics I & II. Support, packages developed by 
Project Staff.) 
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> ROBOTICS* II 

\ 

COURSE DESCRIPTION \ 

Robotics II is a continuation of Robotics I and Includes 
an In-depth study of the operation and maintenance problems 
essocleted with systems now In use In Industry. Also Included 
are methods and procedures used to operate and control robots. 

PREREQUISITE! Robotics I 
CREDIT HOURS i 4-3-5 

COURSE OUTLINE Student ^ u~.~ 

. M . , ^ „ Class Laboratory 

I. Maintenance and Operation 9 12 

A. Hydraulic robots 

1. controller/computer systems 

2. actuator systems 

3. mechanical system 

4. servo systems 

B. Pneumatic robots 

1. control systems 

2. . actuator systems 

3. mechanical systems 

4. servo systems 

C. Electrical robots 

1. ' controller/computer system 

2. actuator system 

3 . mechan 1 ca 1 systems 

4. servo systems 

II. Robotics Problem Definition 10 4 

A. Characteristics of specific 
robots 

B. Work cell organization 

C. Specifications and tolerances 

III. Programming Robots „ 6 8 

A . Off- 1 1 ne programm 1 ng 

B. Loading on-1 Ine 

C. Programmable controllers 

D. Lead through and teach 
pendant modes 

IV. Robotic Systems 9 16 

A. Work cell design and set-up 

B. Synchronization of devices 

C. Utilizing controllers 

D. Work flow end material handling 

E. Quality control end Inspection 

F. Problems In select < g robot types 

G. End of arm tool Ing 4 
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STUDENTS-LABORATORIES 

Demonstrate and observe the operating characters 1 tics of 
the three basic types of Industrial robots (hydraulic, 
pneumat 1c, el ectr 1 ca 1) . Exam 1 ne common sources of 
malfunction. 

Solve selected maintenance problems In a given robotic, 
system and restore to normal operation. 

Given a specific manufacturing * situation determine 
alternative solution method utilizing a robot c system. 
Propose the type of robor (including spec 1 f 1 ca 1 tons and 
rationales) needed to solve the problem. Specify how work 
cell would be organized to accomplish the task. 
. Utilize a Programmable; Controller to control a robotic 
device to perform basic tasks. Develop a robotic control 
program off line, down load and test the program, debug 
and modify the program as needed. 
Program a robot by lead thru and teach pendant. 
Given a problem(s) by the instructor develop a robotic 
system to solve the prbblem(s). Select robot and design 
work cell. Develop a materials handling system design and 
(If possible) construct the end of arm tooling required. 
Program the robot to accomplish the task. Test the 
solution If needed. , ' 

* STUDENT COMPETENCIES 

Perform preventive maintenance . procedures on 
representat 1 ve hydrau 11c, pneumat ( c • and e 1 ectr 1 ca 1 
robots. \ 

Troubleshoot routine maintenance problems In robotic 
systems (hydraulic, pheumatlc, or electrical drive). 
List and explain the major Industrial applications of 
robotic devices and systems. 

Explain the relationship of robotics to computer assisted 
design and manufacturing (CAD/CAM). 

Define a production problem and develop a solution to the 
prrtlem which utilizes a robotic device. 

Write a program In selected computer languages to control 
a robot. 

Program a robot using lead thru and teach pendant methods. 
Program a robot using PLC. ✓ 

Set up a work cell and implement a robotic system to 
perform production tasks. 
. Design a simple end of arm tool. 

RECOMMENDED TEXTS 

Engelberger, Joseph F. Robotics in Practice. Management and 
Ap plications of Industrial Robots. Great Britain: AMACOM, 
1980. 

4 
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i«H^ t . V ; 2 an,Cl y* '"dostrtal Robotic H»nHh^, New York « 
Industrial Press, Inc., 1983. 

(Also see Robotics I ft II support packages developed by 
ProJect A Staff . ) * 



•Student competencies In Robotics I ft II may vary based on 
equipment available. * 
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SOLID STATE LOGIC MOTOR CONT 
COURSE DESCRIPTION 



/ 



-««i?^? n ! ^ s J u ? y 1 the Principles and practical 

application of industrial system control by solid state 
devices* „ 

PREREQUISITE* Automatic Motor Controls I & 1 1 

CO-REQUISITE. None » 
V 

CREDIT HOURS i 4-3-5 



COURSE OUTLINE 



Class 

I. Concepts of Static Logic Control 8 

A. Investigate the concepts of 
static logic control 

B. Fundamentals of static logic 
functions 

II. Identify and Label Stat1c % Contro1 8 
Logic 

A. AND, OR, NOT logic functions! 
sol Id state re lav 

B. AND-NOT, OR-NOT, and sealed/NAND 
f unct 1 on 

C. Memory devices and adjustable 
time delay 

III. Static Logic Motor Control 8 
Circuits 

A. Start- stop Jog 

IV. AC Machine Control 8 
A. Variable frequency speed 

control 

• B. SCR 's to regulate motor 
speed 

C. Dynamic braking end plugging 

D. Alternator regulation 

E. Alternator voltage regulation 

V. DC Motor Control ^ 8 

A. Magnetic amplifiers 

B. SCR armature control circuits 

C. Dynamic braking and plugging 

VI. Positional Control 8 

A. X-Y coordinate positioning 
control 

B. Angular jx>sttion1ng control 



Studant Contact Hmir« 



Laboratory 
6 



6 




STUDENT LABORATORIES 

. AND, OR, NOT logic functions and solid state relay. 

. AND-NOT, OR-NOT, sealed, and NAND function. 

. Memory devices and adjustable time delay. 

. Static logic motor control circuits. 

. Stepper motor, motor and drive circuits'. 

. Stepper motor, data entry circuits. 

. Servo motor, switching amplifier, digital position error 

detector, closed loop positioning. 

. X-Y post ion control. 

. Capacitor-run motor controller 

. Plugging and dynamic braking. 

. Three phase induction motor controller. 

. Alternator synchronizer-voltage regulator. 

STUDENT COMPETENCIES 

At the conclusion of this course, 'the student will be able 
tot 



. Utilize the fundamentals of solid state motor controls. 
. Test the control starting and various speeds of a motor. 

. "Test the control braking of a motor. 

. Describe the development of control circuits and diagrams. 

. Analye, test, and maintain control circuits. 

*. Verify the use of an off-return memory and demonstrate the 
off-return memory function. . 

. Demonstrate the use of the AND-NOT and NAND logic element 
and vertify. 

. Explore the principle of using solid state circuitry to 
regulate the terminal voltage of an alternator. 

. Explain the concept of automated numerical control. 

. Investigate the concept of a digital position error 
detector circuit and a closed loop positioning system. 

RECOMMENDED TEXTS 

Hampderj/Sellware, Lab-Volt. Static Cont rol Training Systems. 
vo 1.1*3,4,5* * — 1 

Mclntyre, Electric Motor Con trol Fundamentals. McGraw->i 1 1 1 . 

Maloney, Industrial Solid St ate Electronics: Devices and 
Systems. Prentice-Hal 1 — k g& - g ua 

Janson, Power Co ntrol Electronics. Prentice-Hall. 

Humpherles and Sheets, Industrial Electronics. Brenton 
Publishers. 




SYSTEMS DRAWING 



COURSE JESCRIPTION 

Students acquire the knowledge and skills required to draw 
and Interpret standard ISA drawings. Students become familiar 
with various types of ISA drawings through lectures and 
practical applications. 

PREREQUISITE! None 

CO-REQUISITE i None 



CREDIT HOURS i 2-6-4 

COURSE OUTLINE Student Cantab 

, ^ ^ Class Laboratory 

I. Instrumentation Symbols 2 ^3 

A. Symbols 

B. Identification 

C. Function 

D. Measured variable 

E. Manipulated variable 



II. Loop Identification 4 6 

A. Symbols 

B. Numbers 

C. Locations 

D. Alternatives 

E. Miscellaneous 

F. Interlocking 



III. Open Loop Contro 1 2 6 

A. No-feedback 

B. Timed 

C. Sequenced 

D. Quantitative 



IV. Closed Loop Control 

A. Feedback 

B. Feed-forward 

V. Single Control Loop 

A. Level 

B. Flow 

C. Temperature 

D. Pressure 



VI. Multi-Control Loops 4 30 

A . Dens I ty 

B. Temperature 

C. Level 

D . F 1 ow 
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STUDENT LABORATORIES 



Draw various ISA standard symbols. 
. Draw various ISA standard symbols for primary elements, 
transmitters* controllers, and final operators. 

• Draw open loop control system. 

• Draw, closed loop control system. r ' 

. Draw single control loop for level, flow, temperature, and 

pressure system. 
. Draw mult 1 -control loop for density, temperature, level 

and flow. Include at least two Interlocks. 

STUDENT COMPETENCIES 

At the conclusion of this course, the student will be able 
to: 

Identify standard ISA symbols. 
Identify open loop control systems* 
Identify closed loop control systems. 
Draw single loop control systems. 
Draw multl -control loop systems. \^ 

RECOMMENDED TEXTS 

Kirk and Rlmbol, I nstrumentat 1 on . Alslp: American Technical 
Publishers, Inc., 1976. 

Instrumentation. S ymbols and Identification. ISA - 55.1 
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THERMODYNAMICS AND HEAT TRANSFER 



COURSE DESCRIPTION ' 

An introductory course to provide the student with an 
understanding of the basic laws of thermodynamics and the 
principles of heat transfer. Applications to solving 
Industrial problems are stressed. 

PREREQUISITE: Physics III, Trigonometry 

CO-REQUISITE « None 

CREDIT HOURS i 4-0-4 * 



COURSE OUTLINE 

1 . Energy , Heat , Gas I ntroduct i on 

A. Energy and work 

B. Heat and gas pressure 

C. Perfect-gas equation 

D. Measuring energy 

E. . Kinetic molecular theory 

II. Energy Equation of Gases 

A. Energy conversion 

B. Reversibility 

C. General gas equation 

D . System 

E. Constant-volume process 

F. Constant-pressure process 

G. Constant-temperature process 

H. Adlabatfc process 

III. Entropy 

A . Second 1 ow 

B. Entropy 

C. Adlabatfc entropy change 

D. Constant-P entropy change 

E. Using T-S graph 

IV. Liquids and Gases 

A. Fluid properties 
1 « mixed gases 

2. vapor and liquids 

B. Steam processes 

C. Steam cycles 

D. Steam-cycle component 

E. Gas and vapor mixturess 



Student Contact Houra 
C 1 ass Laboratory 
4 0 



8 



8 



V. Heat Transfer 
A. Conduction 



14 
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1 B. Convection .. 

C . . Rad I at I on 

D. Practical Methods for correcting 
thermal problems 

1. Increasing heat flow 

2. decreasing heat flow 

STUDENT LABORATORIES ( If laboratory time Is needed) 

Calculate and measure pressure, temperature and volume 
changes by applying Charles Law, Boyle' Law and the 
perfect gas equation. 

Determine the changes In energy of a falling object. 
Measure and plot rate of heat loss or gain. 
. Measure and plot rate of heat flow through various 
materials. * 

• Determine the ••• -k produced 1n a reversible adlabatlc 
process. 

K Draw T-S diagrams of Carnot engine with rever I sb I e and 

Irreversible processes. 
. Throun*. the use of steam tables and the Mol l ler Diagram 

determine temperatures, volumes, enthalphy and entropy of 

water ?nd other substances. 
. Calculate and detemlne graphs and efficiencies of various 

feedwater heating cycles. 

STUDENT COMPETENCIES 

At the conclusion of this course, the student will be able 
to: 

Define energy, determine what temperature Is and calculate 
heat quantities. 

Understand and use heat qulvalents In Calories and British 
Thermal Units. 

Define specific heat and how that may vary. 

Determine the conversion of heat to work In constant 

pressure, constant volume, constant temperature, adlabatlc 

and polytroplc processes. 

Define entropy. 

Construct TS diagrams for reversible and Irreversible 
processes . 

. Define subcool Ing, saturation, sublimation, superheating, 
critical point, saturated liquid locus, and saturated 
vapor locus for constant pressure and temperature lines. 
Determine and ctMucate er.ergy - flow equations for various 
steam cycle components. 

Determine wet -dry oulb readings and the equations for 
various uteam cycle components. 
. Cite consequences of the First and Second laws of 
t hermodynam I cs . 

Define adlabatlc and isentropic processes. 
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. Use the Ideal gas law to calculate pressure, volume, and 
temperature changes 1n a closed system. 

. Calculate heat flow rates for heat transfer by conduction, 
convection, and radiation, given the high and low 
temperatures and an appropriate reference for the thermal 
properties of the system component parts, (tables 1n a 
handbook ) . 

. Describe techniques to Increase and decrease heat transfer 
rates by conduction, convection, and radiation. 

. Calcuate the Insulation required to maintain a given heat 
transfer rate, given the Internal and ambient temperature 
for the process. / 

RECOMMENDED TEXT 

Look, Hwlgh* and H. Sawyer, Thermodynamics. New Yorkx Brooks 
Cole Publishers, 1930. . 
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PILOT LEVEL TEACHING EQUIPMENT INFORMATION 
FOR ELECTROMECHANICAL TECHNOLOGY 





Note: This Is a suggested equipment list which Is 
considered to be a minimum requirement for carrying 
out pilot level programs. 
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ELECTRO-MECHANICAL ENGINEERING TECHNOLOGY PROGRAMS - SU(^ESTED EQUIPMENT INFORMATION 



Basic Electricity, Electronics & Computer Fundamentals 



SO 



ERIC 



Eaui oment/ 
Instrumentation 


Systems 


04*1/ Pop 

School 


Ann v*r\ v ^ mof a 
r\p p rOX 1 Mid ZB 

Unit Cost 


Extenslor 


Digital Multl -Meters 








* c f\r\r\ 

* n,UUU 


Osci 1 1 oscooes 






1 ,uuu 




Power Supply 


• 


2 


300 


600 


Signal Generator 




20 


300 


6,000 




Digital Trainer 


20 


160 


3,200 


Labs & Courses shared with 


Micro-computer 


20 


2,000 


40,000 


other program 


Computer Printer 


2 


900 


9,000 




Electronic Experimental 
Trainer/Parts 


30 


160 


4,800 




X-Y Plotter 


1 


1,200 


1,200 










$90,800 


1S2 




i 
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^ EL ECTRO-MEGHAN ICAL ENGINEERING TECHNOLOGY PROGRAMS - SUGGESTED EQUIPMENT INFORMATION 

. * 



Motor Controls, Fluids, Industrial Electronics Applications 



Equipment/ 
instrumentation 


Training Devices/ 
Systems 


Qty. Per 
School 


Approximate 
Unit Cost 


Extension 


Tool Sets and Gages 




12 


$ 500 


$ 6,000 


— s Electric Motors 




10 


70 


700 


* Compressor Motors 




4 


150 


600 




Hydraulic Trainers with Accessories 


4 


7,500 


30,000 


KG 


Pneumatic Trainers 


3 


5,000 


15,000 




Electromechanical Control Systems 


10 


1,000 


10,000 




D/A and A/D Devices 


1 set 


4,000 


4,000 


> 


Transducer Systems 


1 set 


4,000 


4,000 




Miscellaneous Interfacing Devices 
and Components 


1 set 


4,000 


4,000 




Industrial Motor Control 


O 
c 




o $ uuu 


liiuuoUi Id f 1 Kra oUr cJIKril L ft LOntrOIS 


o 
c 


1,250 


2,500 




Programmable Controllers 


2 


5,000 


10,000 


instrumentation 

^Torque. Meas. ; i>peed Meas.; 
Position Meas.; Pressure 
Meas.; Flow Meas.; Temp. 
Meas.; etc.) 


t 


1 set 


7,500 


7.50C 
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ELECTRO-MECHANICAL ENGINEERING TECHNOLOGY PRQGRAMS - SUGGESTED EQUIPMENT INFORMATION 



Basic Electricity, Electronics & Computer Fundamentals 



Equipment/ 
Instrumentation 



Digital Multi-Meters 
Oscil loscopes 
Power Supply 
Signal Generator 

Labs & Courses shared with 
other program 



Training Devices/ 
Systems 



X-Y Plotter 



Extension 



$ 6,000 
20,000 
600 
6,000 
3,200 
40,000 
9,000 
4,800 




1,200 



$ 90.800 



\ 



APPENDIX A 
SUGGESTIONS FOR 
IMPLEMENTING A 

PROBLEMS COURSE 
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SUGGESTIONS FOR IMPLEMENTING A PROBLEMS COURSE 



INTRODUCTION 

The problems course Is Intended to be the capstone of the 
two years a student spends In the technical school. It 
should be problem/project centered and attempt to 
synthesize everything that has occurred throughout the 
curriculum. It Is also possible to broaden the student's 
areas of understanding during, this time and to cover 
topics not* covered because of time or other constraints. 
An excellent strategy Is to pair students from different 
disciplines, EMT/EET, Robotics /CAD etc.. Just as might 
happen In Industry. A great deal of learning and sharing 
can take place through this arrangement and the 
experiences should as closely as possible approximate the 
conditions of the "real" high tech world. 

POSSIBLE PROBLEMS TO BE ENCOUNTERED 

Too often t curriculum designers suggest problems courses 
which sound Ideal on paper, but are impossible to 
Implement. This Is due. In the final analysis, to 
widely uppredlctable factors discovered at the time the 
problems course Is to come togeher, such asx 

A. Student numbers a nd distribution 

The M.E./E.M.T. combination, for example, could 
arrive at the proper quarter for "problems" without 
a design student or a production student. What 
then7 

Obviously, adjustments would need to be made. If 
a mechenlcal design student were lacking, then a 
on-deslgn project should be picked - - such as 
replication an electromechanical device ( which 
would Increase the number of devices available for 
future learning labs.). 

Invaluable exper fence would be gained In measuring 
the parts to be replicated, then describing them 
accurately on CAD t If a production student were 
then ava11eble t he/she could translate the CAD data 
Into CAM operations to make the parts. Ir the 
absence of a production student, a machine student 
could complete the CAM cycle. 

Finally, the electromechanical technology students 
could assemble and check out the product. If no 
electromechanical technology students were 
available. It Is conceivable that the mechanical 
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technology students could complete the project In 
cooperation with the electronic/electric technology 
students. 

Chances are good that* In combining classes, numbers 
will seem too large and unmanageable for a single* 
coordinated project. in this case there are 
reasonable options: 

1. Assign small Individual projects 
concurrently with a coordinated, or group 
project. 

2. Assign a group project large enough so that 
all students can work on a sub-assembly or 
detail part of the whole. (Beware of a "log 
Jam" at test and checkout ! ) 

3. Assign two or more group projects. 

The above examples of "what-lfs" are Intented to 
serve as e model to stimulate thinking of ways to 
solve number and distribution problems. 

Student progress and distribution 

Occasionally students arrive at the "problems" area 
somewhat weak In an area of knowledge. Seldom Is 
distribution of this weakness such that all students 
have the subject deficiency. In the case of a 
reasonable number having a well-rounded grasp of the 
technology, "pairing" of the lesser skilled students 
with the stronger students can be beneficial. 

In a case where the distribution runs to a majority 
weakness In an area of knowledge, the curriculum 
should be examined;. However, to proceed with the 
subject group, the staff should steer the projects 
In such a way that they tend to remediate the lack. 

Student creativity 

It Is desirable to draw first from the Ideas of the 
student body In putting together "problems" 
projects. Often It Is possible to assign small 
projects that were originated individually by the 
students themselves. Or, students may suggest a 
coordinated, or group, project that Is very worthy. 
It Is an excellent Idea to work closely with local 
firms having tool design needs. Simple tools and 
equipment can be designed and built for these 
companies (to the great benefit of both parties). 
Occasionally, however, solicitation of proposals for 
projects produces a low number of useable Ideas. It 
Is wise to have on hand a number of both Individual 
and group projects from which the students may 
choose to their liking. 
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PLANNING A PROBLEMS COURSE 



A "problems" course cen linger In e student's mind es 
the high-water mark of technical education, or be 
remembered as waste of time. The difference usually 
Is In the planning done by the school staff. 



A. InterdlsdPl 1n^ vha ff coord Inafclog 
If "problems" are to be attempted which simulate 
an engineering / manufacturing environment, an 
Interdlsclpl ine approach should be taken (such as 
a problem Involving M.E. and E.M.T.). The first 
step Is for the staff In these disciplines to meet 
and address the following minimum issues. 

1. What roles each staff member would assume. 

2. What laboratories will be needed. 

3. What scope of project (s) Is reasonable, 

4. Maximum material costs affordable. 

5. General learning objectives desired. 

6. Estimated number of students per group 
project . 

* 

B. Formulati ng student entry 

Many approaches are possible to enlist and assign 
students to projects, but the steff should have 
planned In detail how the student be assigned to a 
"problems" project. 

A suggested method f o 1 1 ows x 

1. Staff and students need to discuss thoroughly 
the rules regarding time, cost, scope, and 
grad 1 ng . 

Give handouts. 

2. Students receive a form for proposal and 
deadl Ine. 

3. Students submit proposals. 

4. Instructors evaluate proposals, suggest 
changes and deadl Ine. 

5. Instructors assign Individual projects and 
group projects. 

c * Formulate engineering coo rdination methods 

Students sharing a group design/make project 
across 2 or 3 disciplines will need an organized 
way to coordinate their design and build 
efforts. 

They need to learn the metfriods employed by 
Industry 

1. Suggest that the groups elect a "project'* 
engineer who will be responsible for total 
coordination of the project. Elect 
assistant for backup. 
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2. Suggest that each discipline elect a "group 
eng i neer i i . e . , a s i ng 1 e po i nt of contact for 
that group* 

3. Suggest that each "group" engineer assign 1 
tasks within his/her group. 

4. Establish regular coordination meetings 
(usually with basically a fixed format to 
prevent digression). \ 




5. Empower "project" engineer to call special 
meetings as required. 

6. Suggest weekly progress reports by "group" 
engineer to the 7 "project" and a composite 
weekly report from the "project" engineer. 

7. Suggest that "project", in conjunction with 
'"group", prepare a maeter schedule and keep 

it current. Off-scfteduie reports must be 
accompanied by "make-up", plans and newly 
scheduled target dates. 

8. Suggest that "group" prepare all the input 
data as they go to a 1 1 ow rev i s i on and prompt 
compilation of the final engineering and 
cost? report. > 

9. 1 Suggest that "project" demand as we po data 

to • allow compilation of the final 
engineering and cost reports in a timely 



time and iost, etc.) 
10. Suggest that a file be set up for drawings 
and that it be handled professionally. 
Changes should be documented and routed to 
"group" and "project" leaders. 

Plan the Physical details 

Often all the people and procedural plans are in 
order, but the physical and logistical plans are 
sketchy. They staff should give considerable 
thought to the following: 

1. Materials. Are there adequate materials for 
student projects? 

Have plans been laid for timely pucha* es of 
special needs? 



2. Special processes. Sdn^e special needs, such 
as heat-treating, may be generated in the 
projects. ; Have plans been laid to handle 
these needs? 

3. Equipment availablity. If the project is 
large, or If there are multiple projects, 
access to machines and equipment can become a 
problem. Considerable thought must be given 
to availability and scheduling of CAD and CAM 





status-, man hours, span 
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equipment* as well as utilizing non-CAM 
, machines. 

\ . • « 

4. Space. It is desirable to sat up a simulated 
eng 1 near 1 ng/produc 1 ton sett 1 ng . * Is space 
available? Can "group" and "project** leaders 
< set up a s 1 mu 1 ateed off 1 ce . ( or" work stat Ions 
with pigeonholes and baskets for report 
and change notices)? • 

X. • . 

E. Formulate progress reviews \ 

Obviously the coordinated, or group, project 
described In c above,, will be supplying weekly, 
reports at both group and project levels. They 
will also maintain a master schedule as well • so 
progress will be well documented. 

It Is possible, however, to have a group project 
going concurrently with- . small Individual 
projects, a The Individual should learn the same 
.discipline, of reporting that Is legislated for 
the group. , f 

Following ls\a suggested method s 

1. Prepare a "contract" with the student 
relative to completion of design, build, 
test and f|na1 engl neer Ihg .reporcs . 

2. Discuss .the progress reports and format to 
preclude jany misunderstanding. Explain 

_ ..weight of progress reviews In final grade. 



/ 



3. Fol low up! The - Instructor^ must call for 
progress reviews, look at them and return 
them as^qulckly as possible. 

■*F. For mu lata fl grade system 

Since student projects have dlslnct phases It Is 
suggested that some method be designed to grade 
accorldngly. Additionally, It 4**sometlmes case 
that a project cannot be completed In the allotted 
time. If grading Is done by phases In these cases, 
a base exists for formulating a fNnal score. 

Phases of a project and grading could be as follows* 

1. Organization of the engl neer 1 ng/produc Ion groups. 

2. Design of engineering checkolnts and controls, Including 
forms and paperwork. \ 

3. How effective group coord Inaton actually Is. 

4. Aptness of the design vs. the oparameters. 
5; Producabl 1 Ity of the product." 
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6. How veil the design fulf 1 U s the original parameters, 

7. How well schedules are met * . , 

8. The test procedures 
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TECMN I CAL SOGIEtlpS A^D ORGAN I AT I ONS 

American Automatic Control Council (AACC) 

P.O. Box T2277, Research Trlangre Park, NC 27709 ^ 
919/549-0600 ^ 

Numerical Control Society (Automatic Control) (NCS) 
519 Zenfth* Drive, Glenvlew, IL 60025' 
312/297-5010/ Respbns I b1 1 1 ty for' the application of 
numerical .control techniques- • 

I nst I tute of E 1 ect r I ca 1 and*. E 1 ecferon l.cs Eng I neer's '(IEEE) 
345 East 47th Street, New York City, NY .10017 . 
•212/64^7910 ' ' . 

International. Society for Hybrid Microelectronics (ISHM) 
P.O. Box 3255, Montgomery, AL * 36.109 205/272-3191 
Ceramics, thlck/thln films, semiconductor packaging, 
discrete semiconductor devices, and monolithic circuits. 
Bimonthly newsletter. \ » \ \ 

National Engineering Consortium (NEC0 (Not: an association') 
1211 West 22nd Street, .Oak Brook, IL 60521 312/325.-5700 
Provides fellowships, scholarships, .grants, and endowments 
to engineering students for further 1 ng electronic training. 

Accreditation Board for Engineering and Technology (ABET) 

345 East 47th Street, New York* City, NY .10017 312/644-7685 
Accredits college engineering curricula and engineering 
technology programs. 



American Association of Engineering Societies: (AAESj* 

345 East 47th Street, New York City, NY 10017 

* 1212/686-5676 >. A 

Advance .the science end practice of engineering In the 

• public Interest. . • 

American Institute of Industrial Engineers TAIIE) 

25 Technology Park, Norcross, GA 30092 404/449-0460 N 
Design, improvement,* and Installation of Integrated systems 

/ of ► people, materials, equipment, and energy. f* 

American Ijnstltue of Plant Engineers (AIPE) 
3975 Erie Avenue, Clnclnnetl, OH 45208 
News 1 fetter 8 Umes/year; Journal quarterly. 

American Society for Certified Engineering Technicians (ASCET) 
4450 West 109th Street, Overland Park, KS 66211 913/341-5669 
Ski 1 led. technicians whose train tng and experience qualify 
them to provide technical support and assistance to 
registered professional engineers. Certified Engineering 
Technician , bimonthly. • ♦ • • 
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Xutomated Procedures, and Engineering Consul tanfcsV(APEC) 
, Miami Valley Tower, Suite 2100, Dayton* OH 4540? 
.511/228-2602 ' s f ' 

App 11 eat Ion * of ujS-to-date computer technology to building 

design. Journal, bimonthly. 

Engineering Technologist Cert If Icatldh Institute (ETC I) 
°J029 K Street* NW< Washington, OC^20006 . $02/659-5773 
Not a membership organization. Issues certificates for 
Associate Technologists and Engineers., 

American Institute for Design and Drafting. (AIDD). % - 

3T19 Prince-Road, Bart tesv tile, OK 74003 ' 918/333*4053 
Dee 1 on and Draf €i no • News ■ monthly. , 

z • % * 

Desfgn an.d Drafting Management Council (DDMC) 

P.O. Box U8U, Santa Ana, Ca 92711 714/838-5800 
Comouter-ass1 sted drafting. Library.; Commentary, monthly. 
' • ' 

Engineering Reprographic Society (ERS>) - 

P.O. BOx 58Q5, St. Lou1s,r-M0 63134 .314/232-7386* 

American Federation * of In^orrijatlon Processing Societies 
(AF10S) ' 

1825 Norths Cynn Street, Suite 800, Arlington, VA 2^209 
4703/558-3600 . • * 

Serves es national, voice for the computing field, advanced 
knowledge of the Information processing sciences/ 

Association for Computing Machinery (ACM) * 

1133 Avenue -of Americas, New York City, NY 10036 
- 212/265-6300 . .-'•»■ 

Computer and Automated Systems Association, of the^ Society of 
Manufacturing Engineers (CASA/SME) 

Box 930, One SME Drive, Dearuorn, Ml 48128 313/271-1500.. 

t ' , 

Instrument Society of America (ESA) . 

P.O. Box 1227, Research Triangle Park, NC* 27709 
919/549-8411 * 
Instruments and .controls In science and Indus-fcry. 
' Instrumentation Techno loo*, monthly. •* " i 

Society of Manufacturing Engineers (SNET^ , % 
P.O. Box 930, Dearbor, MI 48128 313/271-1500 
Library. - Manufacturing Engineering, monthly. * 

American Society for Mechanical Engineers (*SME) 

" 345 East 47th Street,, New York CltJ, NY 10017 212/644-7722 

Sponsor for ANSU • Library. • Applied Naphanlcs Review * 

•monthly. Mechanical Engineering, monthly. 

» ♦ 

American Institute of Physics CAIP) 

335 East 45th Street, New York City, NY 10017 
.212/661-9404 . 
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American Physical Society a * . 

335 East. 45th Street, New Yorjk Cliy, NY 10017 

212/682-1341 , . n • • 

. :' * • • ' 

American. Society fer Quality Control (ASQC) 

161* Weft Wisconsin 'Avenue, Milwaukee, w I 53227 . 

414/272-8575. \ v. 

♦ Qual itv Progress, monthly. 

Internet 1 pna 1 Institute >f or Robotics- (I IR) 
fcox 21078,. Dallas, TX- 75211 ' / 
Small library. -Holies Nww»l^fctar. monthly. . > 

Robot" Instate of Aimer ice (RIA) \> ~ 

P.Oi Box 930, Dearborn, MI 48128 3W271-1500 
Robot to TodaV. quarterly. w 

Robotics International' (RI/SMBT 
. P.O. Box 930, Dearborn, MI 48128 313/271-1500 
Library. Robotics Today, W monthly. 

American National Standards Institute 

1430 'Broadway, New Yoj-k Clty,^NY 10018 212/354-3300 
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f m . JOURNALS AND OTHER PUBLICATIONS • 

-OF INTErtEST TO THE BN6INEERIMG TECHNICIAN 

AmgrfCflh v>gurnfll of PhYtlCSt monthly $25 

335, East 45th Street New Ybrk City, NX 10017 

American Machinist, biweekly « $25. f 

1221 Avenue of . the Americas, New York City, NY 10020 

'' * . , . / 

Canad 1 ah .Contro 1 a and 1 natrumantat 1 on monthly, $10/12 . 

481 University 'a venue, Toronto, Ontario, Canada M52 1A7 

Ganatf 1 an Oataevst erne, monthly a 10/ 12 y 

481 Unl vers! ty^Jk venue r Tpnonto, Ontario-, Canada M52 1A7 



Canadian Electron lea Epolneerlng . monthly, $10/12 t 

• 481 University Avenue* Toronto, Ontario', panada H52 fA7 

Computer , monthly, $30 

5855 Naples Marine P J aza. Suite 301; Long Beach, CA 90803 
i t 

Computer Peel alone , monthly, $15 * 
50 Essex -Street, Rochelle Park, NJ 07662 

pomouters and Automation. 13 times/year, $18.50 

8)5 Washington Street, Newtonvllle, HA 02160 * 

♦ • • . * »i 

Comouterwor 1 d . weekly, $12- > v , 

" 797 Washington Street, flewtonvllle, MA 02f60 

Data Management , monthly, $8 

505 Busse Highway, Park Ridge, 1L 600.68 

Datamation , monthly, $18 
» 35 Mason Street, Greenwich, CT 06830 

s * 

Des1.cn Engineering , monthly, $12/15 

461 University' Avenue, Toronto, Ontario, Canada M52 1A7 

Design frlews . biweekly, $20 

221 Columbus Avenue, Bps ton, MA 02116 

EE - Electrical Equipment , monthly, no price listed 

• 172 South Broadway, White Plains, NY . 10605 
(Instrument* Society of America) . 

> - 
Electromec hanical Design, monthly, $20 



flQf mo 

167 Corey Road, Broofffclne, MA 02146 

Electronic Design , biweekly, $25 

50 Essex Street, Rockelle Park, NJ 07662 

Electronic Engineering Tlmea. 26 times/year, $8 
280 Community Drive, Great Neck*, NY 11030 
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feHectronic News , weekly, $9.50 ' J " 

7 East- 12th Street, >New York CI 10003 

Electronic Technlclan/DeaNer . monthly, $6 
757^Th1rd Avenue, New^York City, NY ' 10017 

? • - - 

E \ ectron 1 cs . h 1 week \ v . $,12* 

1221 Avenue of the Amer leas ,, New York City, NY . 10020 

•/ * . • ' • - 

Eno 1 neer I no. Educat 1 on . 8 times /yeah* $20 / 

One duPont Circle, Suite 400, Washington, DC 20036 

(American Society for Engineering Education) • 

IEEE Spectrum .v monthly, $3 \ 

• 345 East 47th Street, New York-City ,v NY M>017 
(Institute of Electrical and Electronics Engineers) 

1 nstruroentat 1 on Techno 1 ogv . monthly,' $7 ~*~ 
,•400 Stanwlx Street, Plttsburge, PA 15222 , 

Instruments and Control Systems, monthly, $25 
. P.O: Box 2025, Radnor,, PA 19089 

Journal of the Association for Computing Machinery, quarterly, 
$30 ,1133 Avenue of the Americas, New York City, NY 10036. 

* • • ' j " , ■ 
Machine and" Tool Blue Book , monthly, no price listed 

Hitchcock <BU 11 d.1ng, Wheaton, IL s 60187 * • , 

* * - 

Machine Design . 31 times/year, $20 . * 

PentoYi. Plaza, 1111 Chester Avenue, Cleveland, Oh 44,144 

Manufacturing Engineering and Management, monthly, $8.50 
20501 Ford Road, dearborn, MI 48128* 

Mechanical Engineering , ijfonthly, * $10 * 

345 East 47th Street, New York City, NY * 10017 V \ 

Phvslcs Toqav. monthly \ il2 ' „ 1 

335 East 45th Street, Rew York City, NY 10017 

* * '* 

0 ' 'l 

. Process Design . m/>nth1y, no price listed 

221 Columbus Avenue, Boston, MA 02116 % * 



Production .* monthly, no pr'lce listed 

P.O! Box aOl, Bldbmfleld Hills, MI 4801'3 

V 

Tooling and Production , monthly, $10 \ 

5821 Harper. Road „ Solon, *0H 44139 

♦ * 

Hew 1 ett-Packard Jour na 1 

3000 Hanover Street. Palo Alto, CA 94303 



.214 200, 




■ a.. 



^ 



^ Technology , bimonthly. $24 s 
' Technology • Information Corporat1pn# 2200 Central Avenue, 
. ' Suite' Ft Boulder, CO 80301 

•r — 5. . t 

, *Tekacope ~« Tektronix* Inc. (customer 'Information) 
fc P.O. Box 500, Beaverton, OR '97077 
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Federal law prohibits discrimination on the basis,of race, color or national origin (Title VI of the Civil 
Rights Act of 1964); sex (Title IX of the Educational Amendments' of 1972 and Title flofthe. 
Vocational Education Amendments of 1976); or handicap (Section 504 of the Rehabilitation Act af 
1973) in educational programs or activities receiving federal financial assistance. > 

Employees, students and the general public are hereby notified that the Georgia Department of 
^Education does hot discriminate in any educational programs or activities or in employment policies. 

c * » 

' The following individuals have been designated as the employees responsible for coordinating the 
department's effort, to implement this nondiscriminatory policy. 

Title II - Ann Lary, Vocational Equity Coordinator ' 
* Title VI - Peyton Williams Jr., Associate Superintendent 

of State Schools and Special Services . % > f 

Title IX - Myra Tolbert, Coordinator 0 
\ Section 504 - Jane Lee, Coordinator of Special Education 

Inquiries concerning the application of Title II, Title VI, Title IX or Section 504 to the policies and 
practices of the department may be addressed to the persons listed above at the Georgia Department of 
Education, Twin Towers E'ast, Atlanta 30334; to the Regional Office for Civil Rights, Atlanta 30323; 
or to the Director, Office for Civil Rights, Education Department, Washington, D.C. 20201. 

.... . <N N .:.\ v. , ...... 




Program Improvement and Evaluation 
Office of Vocational Education 
) , v Georgia Department of Education 

Atlanta, Georgia 30334 

V f Charles McDeniel, State Superintendent of School* 

V 1984 
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